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CHAPTER I 
SURVEY OF RELATED LITERATURE 
Introduction 
Kno·w ano. define your problem.. This is the first 
step in the scientific method. The scientific method is 
not the tool of the scientist alone. It has long been 
the endeavor of leaclers in education to set up sui table 
educatione.l objectives. It has been their premise that 
all instruction should h~.ve an accepted standard. 
In the field of science teaching there ht=~.s been 
much effort and research towards this end. This, then 
is an attemp t to point out some important works which 
clearly show evidence that there is a need for the 
Rdopt ion of pr inciples of scienc e as object ives of 
science instruction. 
A survey of fifty-one courses of study in general 
science ;.)ublished since 1925, vn~.s macle by Beauche.rnp 1 
in 1932. The pu:rpose of the study we.s to eva.lus.te the 
obj ectives of sci ence tea ch i ng . The a nalysis demon-
l wilbur L. Be~:mchamp, Instruc tion in Science, u. s. 
Off ice of Educat ion, Bulletin, 1932, No. 17, National 
Survey of Secondary Education, Monograph No . 22. Wash-
ington: Government Printing Office, 1933 . 
1 
stra ted, because of the variaty of objectives found and 
the scant agreement as to the definition of objectives 
of science t eaching the,t there we.s need for adoption of 
2 
standards as acceptable objectives for science tea ch ing . 
The fir s t educa tiona l group to advoca t e t he teach-
ing of princi9 les as objectives of science tea ching was 
t h e Ns.tional Society for the Study of Education. In the 
Thirty-First Yearbook2 of the ~ociety, the Science 
Committee states tht=t t experiences must be provided i n 
the classroom to s atisfy one of the gen erBl aims of 
education , ne.mely, 11 life en:i."ic:b.,'Jlen t t hrough part ic ipe.~ 
t ion in a democratic socia l order." Grea t emphasis was 
placed on generalizations, or principles, of sc ienc e, 
b ecause it was through an un derstanding of these general-
i 7. e.tions t hat t h E' necessary experiences cou1 ~ be gained 
in the cl?..ssroom. 3 
It is worthy of note tha t this ye8.rbook Jas pub-
lish ecl the s e.me year ( 1932 ) a"" t he fl.nalysis of the fifty-
one cours es of stucly . It e.ppears that some progress 
towards the adoption of pr i ncip l es as objectives of 
instruction in science was made as early as 1932 . 
2A Pro12;re.m fo r Tea ch in_g Science , Th i rty-First Y c3:-:rf' -
boolt of the Nat i onal Society for the Study of Education, 
Par t I, Bloomington, Ill ino is: Public School Publishing 
Company, 19~2 . p . 42. 
According to Downing, 4 an understanding of princi-
plea of health is essential to healthful ways of living. 
So a lso i s an understanding of the principles of here-
dity, sanitation and others. Furthermore, an ability 
to apply these principles to specific problems is essen-
tial to worthy home membership . 
The Report of the Thayer Commission5 in 1~38 a grees 
Yl'ith that of the Thirty-First YeBrbook Committee that 
the functi onal understanding of scientific principles 
should be an objective of science tea ching in all grades. 0 
The Commission also adcted the idea that general educa-
tion must train individuals to meet their needs in a 
democratic society. 7 I n order for there to be an under-
st~nding of these needs, the understanding must be 
developed by the formulations of generalizations.8 
Therefore, science instruction cs.n e.ccomplish this pur-
pose of general education only by teaching the individual 
the principles which "ltvill enable him to understand 11 a 
group of relationships not p r eviously sensed ana. so bring 
4Elliot Rowland Dovm ing, An Introduction to the 
Tee, chin~ of Science, p. 6. Chicago : Universi tyofCh icago 
Press, 9'34. . 
~regressive Education Associat ion, Commission on 
Secondary School Curriculum, Science in General Educa-
tion, p . 28 . l~ew York: D. Appleton-Century Company, 1938 . 
6 I bid., pp . 23- 27. 
7 I bid., p . 55. 
8 I bid. , p. 61. 
abou t a reorganization of his behavior.«9 
Survey of Important Studies Perta.ining 
to the De tern ina.tlon of Principles as 
Ob j ectives of Sci ence Teaching 
As early a s 195'5, Downing10 formulated three steps 
4 
for the solving of a s c i en tif"io probl em wl1ich i nvol ved 
t he us e of a generalization, or principle: {1) coll ect 
the f a cts; (2) reduce the relation and sequence of these 
facts to a generalization; and {3) discover t he under-
lying causes and how they are related to this generaliza-
tion. 
The Fifth Yea rbook of the Department of Superintend-
ence of the National Education Association11 reports that 
in order to make our science knowledge rnost useful it 
must be L~ the form of p rinciples. The design of a 
science course should enable the pupils to attain the 
knowledge of these laws tha t are socially useful, and 
provide training in use of them in normal life situa tions. 
Cra.ig,l2 in a study conducted in 1927 while planning 
9 Ibid., p. 55. 
lOElliot R. Downing, Teachin~ Science in the Schools, 
p. 53. Chicago: University of C1ica.go Pres s ,l925. 
22The Junior High School Curriculum, Fifth Yearbook, 
Department of Superintendence, National Education Associ-
ation, p. 150. Washington: Government Printing Office, 
1927. 
l%erald S. Craig, Certain Techniques ~d in Devel-
oping a Course of Study: in Science for the Horace Mann 
Elementary SchoO!, Teachers aolfege Contribution to---
Education, No. 276, pp. 12-13. New York: Teachers 
College, Columbie. University, 1927. 
a course of study for the elementary grades, concludes 
that elementary schools should be interested in helping 
pupils to become "intelligent laymen. 11 In order to 
accomplish this through an understanding of natural 
phenomena, a course of study should: (1) emphasize 
principles that explain these facts and so conform to 
5 
the objectives of information about the pupils' environ-
ment, and (2) maintain the interest of the youngsters. 
According to a study made be Heinemannl3 in 1928 
in an effort to determine the importance of principles 
as based on space given to them in twenty textbooks of 
general science printed between 1915 and 1925, princi-
ples occupied a relatively unimportant position. 
Ninety-three principles were found. They had about 
twelve percent of the reac!_ing space allocated to them. 
A principle was defined as 11 a statement of relationship 
between two or more facts. 1114 Over two thousand appli-
cations of these principles were found. 15 This study 
recommends that: (1) there is need for agreement on a 
definition for a principle; (2) fewer principles with 
many applications would result in better teaching; and 
(3) a textbook based on principles would be 1n accord 
l3Ailsie IVI . Heinemann, 11 A Study of General Science 
Textbooks," General Science Quarterly, XIII (November, 
1928), 11-23. 
14Ibid., p. 11. 
15Ibid., p . 38. 
with the definition of a science and might meet a real 
need of the science teacher. 
In 1931, Wilbur16 analyzed fourteen textbooks of 
general science used in the ninth grade. The criteria 
of a principle was formulated in a Seminar in Problems 
in the Teaching of Science, University of Michigan. 
Martinl7 has listed the definition of a principle and 
the criteria for the selection of principles that were 
used by Wilbur. The principles selected by Wilbur were 
tabula.teo. and submitted to subject-matter specialists, 
for validation in terms of criteria and accuracy of 
statement. A list of 170 principles was given to ten 
teachers of general science and they were asked to 
classify these principles as, necessary, desirable, or 
undesirable in their course. Wilbur found that only 
eighteen, of the 170 principles in the fourteen text-
books, were given, even in part, in principle form in 
more than half of the textbooks analyzed. Only five of 
these eighteen were regarded by the ten teachers as 
necessary. Five principles regarded as necessary by 
16oliver B. Wilbur, A Study of the Principles of 
Science contained in General Science Textbooks Publish-
ed Since the Beginning of the Year 1924. Unpublished 
Master's thesis, University of Michigan, 1931. 
17 W. Edgar Martin, 11A Chronological Survey of Research 
Studies on Principles as Objectives of Instruction in 
Science," Science Education, XXIX (February, 1945), p.46. 
all ten instructors were found in less than four of the 
fourteen texts analyzed. 18 
Hackett19 analyzed ten biology textbooks used in 
high schools. He found they gave as little as 25 percent 
and none as much as 50 percent of their content to the 
development of principles. Also, there was much space 
devoted to factual material with no relation t o major 
generalizations, or principles. 
Downing2° criticizes the scientific textbooks for 
devoting so much space to descriptive and factual 
mater i al ·which did not contribute to the development of 
pr inciples. Those principles tha t were dealt with were 
often ones that would not help the average person to 
solve the problems that woul d ordinarily arise in his 
life. Furthermore, these facts to which so much space 
was devoted would soon be forgotten unless they were 
used either to demonstrate or clarify principles. The 
assumption being that unless facts are used in problem 
solving situations, they are soon forgotten. Down1ng21 
compiled a list of ninety-six principles from several 
18
wilbur, ~· cit., p. 47. 
19Glenn L. Hackett, An Analysis, in Terms of General-
izations, of Ten Biologies Used in High Schools. Unpub-
lished Master's thesis, University of Chicago, 1927. 
20Elliot Rowland Downing, 22• cit., p. 49 
21Ib1d., pp. 39-48. 
masters' theses done at the University of Chicago. All 
were considered necessary in chemistry, physics, and/or 
biology. On the basis of the amount of subject matter 
devoted to the development of the principles, a classi-
fication was set up, with the principles listed in order 
of their importance. 
Robertson22 attempted to determine the principles 
of science suitable as goals of instruction in the ele-
mentary grades. A comprehensive list of 243 scientific 
principles was evolved from ten previously completed 
studies, which purported to select the principles found 
in magazines, and in textbooks of general science and the 
specialized sciences. 
The criteria for selection of a principle was devel-
oped with the aid of a group of teachers, members of the 
Department of Science University of Michigan High School, 
in the Seminar in the Tea ching of Science at the Univer-
sity of Michigan. A jury of three specialists in the 
teaching of science had to accept the principle in terms 
of all the criteria, unanimously, before it was added to 
the final list. The 243 principles were submitted to a 
group of twenty experts in the field of elementary 
science for evaluation as to suitability as goals of in-
22MF.~.rtin L. Robertson, 11 Th e Selection of Science 
Principles Suitable as Goals of Instruction in the 
Elementary School." Science Education, XIX (February, 
1935}, 1-4; XIX (April, 1935), 65-70. 
struction in elementary science. This latter group 
accepted 113 prtnciples as being suitable. 
Robertson,23 as a result of his study, found that 
there was no uniformity as to the wording of principles 
9 
and that there was great variance in the opinion of experts 
in the field of elementary science as to the suitability 
of the various principles as goals of instruction in 
elementary science. 
Continuing the trend in the search for generaliza-
tiona that will definitely aid man to solve the problems 
that arise from his environment, Pruitt,24 in 1935, 
~malyzed three college-en trance exam ina tiona; over 
50,000 pages of material in five sociology books; one 
year's issue of the Atlantic Monthly, The Forum, and 
Harper's Magazine; one year's issue of eight newspapers; 
twelve issues each of Popular Science Monthly, Scienti-
fic American, and Science Newsletter; nine issues of 
Scientific Monthly; and fifty-five textbooks covering 
the various science subjects. By means of criteria very 
similar to those previously developed by Robertson, a 
list of 135 generalizations, or concepts of chemistry 
23Ib id. , p • 70. 
24clarence Martin Pruitt, An Analysis, Evaluation, and 
Synthesis of Subject-Matter Concepts and Generalizations 
~n Chemistry. Doctor 1s dissertation, Teachers College, 
Columbia University, 1935. See Third Digest of Investiga-
tions in the Teaching 2f Science by Francis D. Curtis. 
Philadelphia: P. Blakiston 1s Son and Co., 1939, pp.l53-163. 
10 ' 
was formulated by Pruitt. 25 
In 1941, Wise26 ,2?,2B sought to determine the prin-
ciples of physical science which are most important for 
genere.l educe.tion. This involved the development of a 
comprehensive list of different principles of physical 
science, each stated succinctly and technically accurate 
in wording. 
A complete list of principles of chemistry, geology, 
e.nd physics (including astronomy and meteorology) was 
compiled by Wise from separate lists developed in studies 
by Arnold, Hartmann and Stephens, Pruitt, and Robertson. 
A jury of three qualified persons then eliminated dupli-
cations from the composite list and analyzed each remain-
ing principle for adherence to the following 4 criteria: 
25 
To be a principle, a statement 
( 1) Must be a comprehensive genera.lization des-
cribing some fundamental process, constant mode 
of behavior, or property rela.ting to natural 
phenomena. 
Ibid., p. 156. 
26Harold E. Wise, A Determination of the Relative Im-
portance of Principles of Physical Science for General 
Education. Unpublished Doctor's dissertation, University 
of Michigan, 1941. 
27Harold E. Wise, 11A Determination of the Relative Im-
portance of Principles of Physical Science for General 
Education, 11 Science Educa.tion, XXV (December, 1941), 371-
379; XXVI (January, 1942), 8-12. 
2~arold E. Wise, 11A Synthesis of the Results of Twelve 
Curricular Studies 1n the Field of Science Education," 
Science Education, XXVII (February, 1943), 36-40; XXVII 
tseptember-October, 1943), 67-76. 
11 
(2) Must be true without exception within limita-
tions specifically stated. 
(3) Must be capable of illustration. 
(4) Must not be a definition. 
Principles which in the opinion of the jury satis-
fied the criteria, or were reworded by the jury to meet 
the criteria better, were retained in a tentative list 
while those which could not be satisfactorily restated 
to meet the criteria were eliminated. 
The tentative list of principles resulting from 
the application of these techniques and criteria _ con-
tained 252 principles consisting of 165 in physics, 68 
in chemistry and 19 1n geology. 
This list of 252 principles was then submi tteo. to 
a specialist in physics who also checked each principle 
for adherence to the same 4 criteria. No principles 
were eliminated by him; his suggestions, however, were 
incorporated into the statements of the respective 
principles. Subsequently, a subject-matter specialist 
in each of the three fields of science represented, 
chemistry, physics, and geology, further checked the 
principles in his particular fielo. for accuracy of state-
ment (criterion 2) and the principles were then reworded 
in accordance with written recommendations made by these 
specialists. 
In a second phase of the study, the determination 
of the rela.tive importance of principles as measured by 
12 
the scope of their applicability in the solution of fre-
quently encountered problems, criteria for the selection 
of applications from textbooks were formulated and 11 
textbooks were analyzed for applications in accordance 
vdth the criteria. The numbers of textbooks so analyzed 
for applications were, for the high school level; physics, 
2; chemistry, 2; survey textbooks of physical science, 2; 
and general science, 2; for the junior college level: 
survey textbooks of physical science, 3. 
The applications so selected were assigned to prin-
ciples they represented and the investigator's judgment 
as to the identity of applications and their assignment 
to the proper principles was checked by 4 competent, ex-
perienced teachers of science. 
Twenty principles were formulated and added to the 
tentative list of 252 principles as a result of t h e appear-
e.nce of applications which could not be assigned to those 
principles already formulated. These 20 principles were 
subjected to the same criteria and to the same checking 
procedure as that employed in obtaining the list to which 
they were added. No further attempt was made in succeed-
ing phases or the study to add to the list or 272 princi-
ples. 
Wise's study concluded with a list of 264 principles 
of physical science arranged in descending order of their 
rele.tive importance for general education, grades I-XIV, 
inclusive. The relative importance of these principles 
13 
was determined by a synthesis of the results of 12 curri-
cular studies in the field of science education. 
In 1944 Martin,29 conducted an investigation in 
order to determine the principles of biologica.l science 
of value for genere.l education. This was a compreh.en-
sive survey in which a defensible list of 300 principles 
was developed. Both Wise and Martin emplo yed similar 
techniques to establish the reliability and defensibility 
of their respective lists. 
Acceptable goals for science instruction for general 
educa tion, grades I-XIV, have now been established. How-
ever, no list of principles suitable for each gr a de ha s 
bee n established. 
This same year, 1944, Fleish30 formula ted a list of 
sixty principles of general science, bas eo_ on pupil .in-
t erest in science. Th e pupils came from four IJJ:a s sachu-
setts ' communities and f r om gr a des VII through XII. 
29w. Eclgar I~~e..rtin , 11 A Determine. tion of the Princip les 
of the Biologic8.1 Sciences of Importt:mce f or Genere.l 
Education," Science Educa tion , XXIX ( March , 1945), 100-
105; XXIX (April-Me.y , l 9•15), 152-163. 
30sylvia Fleish , The Formula tion of the Science Prin-
ciples Tha t Should Become th e Objectives of General 
Science Tea c h i ng in the Junior Hi g h School. Unpub 1ished 
Master ' s the s is, Boston University, 1945. 
14 
Jones, 31 in 1946, analyzed ninth-grade tex tbooks of 
general science in an attemp t to determine the effects 
of the pronouncements of the Thirty-First Yearbook with 
respect to goals of science instruction on these textbooks 
published since the yea rbook. This study concluded that 
authors of tex tbooks hacl not organized_ rna t eria l in t erms 
of principles, nor had there been much agreement as to 
wha t, anc1 ho w many, principles should be t aught o.t t he 
ninth-gr ade level. 
Miles32 had five special ists in the teaching of 
sc i ence evaluate Wise' s 272 princ iples of physica l science 
for the i r su itability as objectives for an integr a ted 
cours e of physical s cience for the senior high school. 
A fina l selection of 214 of Wis e's 272 principl es was 
ranked in descending order of their relat i ve i mpor t ance 
for i ncl usion i n such a course. Exp eriments for the de-
velopment of understandings of the first 103 of t hese 
princi9les wer•e determined and eval uated . 
Bergman33 completed a study to determine the prin-
31Ru t h V. Jones, A Study of the Principles of Science 
Found in Nin th Grade Textbooks of General Science, Un-
published Master ' s thesis, University of Michigan, 1946. 
32vaden Willis Iv ilea, A De termination of t h e Princi-
ples and Experiments Desirable for a Hi gh-School Course 
of Integrated Physical Science. Unpublished Doctor's 
disserta tion, University of Michigan, 1947. 
33George J. Bergman, 11A Determinet ion 
of Entomology of Significance in Genera.l 
Science Educa.t i on, XXI (February, 1947), 
(April, 1947), 144-157. 
of t he Pr i nciples 
Education " -
' 23-32 ; XXXI 
ciples of entomology of value in gener al eCi.ucation. 
Fifteen subj ect-ma.tter experts were participants. A 
15 
fin8.l list of fifty-two principles was developed. Some 
c onclusions based on this rather broad survey were that 
the principles of entomology may be subordinate to a 
minor princ iple of biology, or need not even be related 
to tb~se of b iology. 
Keeslar 34 reports in an investigation of the educa-
tional value of twenty-four science films that "nearly 
half, or 44.1 percent, of the content of the twenty-four 
films served no unique or specialized functions and con-
tribut-ed to none of the three major objectives 1135 -
principles, elements of scientific method, scientific 
attitudes. 
The Committee on Science of the National Society for 
the Study of Ec1uca tion in its Forty-Sixth Ye B_rbook36 re-
viewed numerous investigations. As a result of this 
revievJ , the Committee formulated objecti-ves for science 
teaching. One of the eight types of objectives proposed 
was a functional understanding of principles.37 
34oreon Keeslar, "Contributions of Instructional Films 
to the Teaching of High School Science," Science Educa-
tion, XXX (March, 1946), 82-88; XXX (April, 1946), 132-
136. 
35Ibid., pp. 132-136. 
36science Education in ~merican Schools, Forty-Sixth 
Yearbook of the National society for the Study of Educa-
tion, Part I. Chicago; University of Chicago Press, 1947. 
37 Ibid.' p. 25. 
16 
In an analysis of eight textbooks of general science 
for grade eight, Leonelli38 found 186 principles of phy-
sical and biological science which he stated for the 
eighth-grade level of comprehension. 
Survey of Literature Pertaining to the 
Effectiveness of Teaching Principles 
in Terms of Retention of Learning 
Tyler39 reports that little loss occurs in the abil-
ity to generalize from factf, or to explain daily natural 
happenings, but that there was great loss of ability to 
recall facts, per~· 
Tyler, 40 in a later study, finds that fifteen months 
after instruction much .of the factual knowledge has been 
forgotten, but that the ability to use scientific princi-
ples to solve new problems had increased. 
Johnson41 reports that there is great and rapid loss 
of ability to recall factual material in the period from 
three months -to fifteen months after instruction, and 
3~enato E. Leonelli, Principles of Physical and 
Biological Science Found in Eight Textbooks of General 
Science for Grade Eight. Unpublished Master's thesis, 
Boston University, 1947. 
39Ralph W. Tyler, -"What High School Pup ils Forget, 11 
Educational Research Bulletin, Ohio State University, 
IX (November, 1930}, 490-492. 
4~alph W. Tyler, "Permanence of Learning, 11 Journal 
of Higher Education, IV (April, 1933), 203-204. 
41Palmer o. Johnson, "The Permanence of Learning in 
Elementary Botany," The Journal of Educational Psychol-
~' XXI (Janue.ry, 1930), 37-47.-
17 
then a continual but gradual, decline in ability to re-
member f acts. 
Frutchey42 carried out a similar investiga tion. 
Tests were given to students in high school: (1) at the 
beg inning of a course in chemistry; (2) upori completion 
of the course; and (3) one year after completion of the 
course. He concludes that the greatest retention was 
that of principles and the ability to make applications 
of these principles. This retention was 90 percent of 
the total gain achieved during instruction. 
An investigation by Wert43 discloses that a great 
loss occurs in factual knowledge, but there is an in-
creased ability to apply principles to new si tua tiona, 
with the passage of time. 
A closer inspection of this sort of investiga tion 
reveals tha.t some principles are more readily applied 
after some time has elapsed since learning, than are 
others. Zeigler44 claims that these principles were 
. those most often used by students to meet situations 
4~. P. Frutchey, "Retention in High School Chemis-
try," Educational Research Bulletin, Ohio State Univer-
sity, XVI (February, 1937), 34=37. 
43James E. Wert, "Twin Examination Assumptions," 
Journal 2f Higher Education, VIII (March, 1937), 136-
140. 
4~obert T. Zeigler, 11A Study of Fact Retention i n 
General Science," Science Education, XXVI (February, 
1942)' 83-84. 
18 
arising 1n the life of the average student in a normal 
environment. 
The studies made by Tyler, Johnson, Wert, Frutchey 
and others emphasize that, in terms of retention of 
l earn ing , there is no justification for instructors in 
science, for purposes of general education, to concentrate 
upon anything but the teaching of principles. In a sur-
vey of these studies, Reek45 concludes tha t the studies 
definitely show that the teaching of unrelated facts is 
not satisfactory. 
Survey of Literature Pertaining to the 
Determination of Subject-Matter Topics to be 
Used for Developing Principles of Science 
At the time of this investigation Blanchet46 alone 
has completed work on the assignment of subject-matter 
topics to principles, 11 as e. source of informational 
material with which to develop understandings of princi-
ples of science. 114? 
His investigation was made to determine the subject-
matter topics included in textbooks for use in survey 
courses L~ both the natural and the physical sciences at 
45Doris Lucille Reek, A Study of the Principles of 
Science Found in Four Series of Textbooks of Elementary 
Science. Unpublished Master's thesis, University of 
Michigan, 1943. 
46waldo Emerson Blanchet, A Basis for the Selection of 
Course Content for Survey Courses in the Natura.! Sciences. 
Unpublished Doctor's dissertation, University of Michigan, 
1946. 
4?Ibid., p. 183. 
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the junior-college level. He considered the topics in 
books as the chapter, center, and paragraph headings. 
Separate outlines were made for the biological and phy-
sical sciences. An outline was first made of the topics 
in each book and then by consolidation a composite topi-
cal outline was made which represented all the books. 
There were upon completion of this part of the study, two 
topical outlines, one for the biological sciences and the 
other for the physical sciences. 
After this was accompl:tshed, major topics were 
assigned to the principles as listed by Wise for the phy-
sical sciences and by Martin for the biologica l sciences. 
The basis for these assignments was: a discussion of the 
subject matter included under the major or secondary topic 
might reasonably be expected to contribute to the devel-
opment of an understanding of the principle to which it 
was assigned. 
One conclusion by Blanchet48 was that great variance 
existed in the textbooks, as to subject matter and speci-
fic material; still there was enough proper material to 
develop an understanding of the principles. 
Summary of Research Studies 
Downing, University of Chicago, is generally credited 
with the first emphasis on generalizations as goals of 
48 Ibid., p. 30?. 
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science instruction. Previous to his work the emphasis 
was on factual knowledge as an end in itself. The 
Thirty-First Yearbook of the National Society of Educa-
tion was instrumental in changing the vie\~oint of in-
structors of science as to emphasize the use of facts to 
develop understandings of principles. 
Subsequent work was carried on independently. The 
majority of the studies was done at three universities: 
University of Michigan, under Curtis; Columbia University, 
Teachers College, under Powers; and University of Chicago, 
under Downing. It was at some one of these that Wise, 
Martin, Robertson, Keeslar, Blanchet, and many of the 
others mentioned in this survey of the literature re-
ceived the direction and inspiration for their studies. 
Some recent work stressing the importance of major 
generalizations as goals for instruction has been done at 
New York University, under Pieper and Robertson, and also 
at Boston University, under Miles. 
Studies by Johnson, Wert, Frutchey, Zeigler, Jones 
and others present evidence that knowledge of principles 
is better rete.ined than facts are, and with the passage 
of time there is an increase in ab111ty to recall and 
apply principles. 
In spite of the data compiled to show that the devel-
opment of B. functional understanding of principles, and 
not the mere learning of facts as an end in themselves 
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without relation to principles, should be an objective 
of instruction in science for purposes _of general educa-
tion, there are still many textbooks, the buD~ of whose 
content is factual information. Moreover, most tests 
measure only accretion of these facts. 
The Problem of this Investigation 
This investigation involves the subject-matter con-
tent of four high-school textbooks of chemistry. It 
is proposed to prepare a composite topical outline of 
the four books and to assign the resultant major topics 
to principles of physical science developed by Wise, on 
the basis that a discussion of the subject matter as 
found in the topical outline under the major topics 
might reasonably be expected to lead to a development of 
e~ understanding of the principles to which they are 
assigned. This has the potentiality of use as a guide 
in the selection of subject matter topics suitable for 
inclusion in a high school textbook of chemistry; and 
also, to assist instructors in their choice of subject 
matter designed to develop, a particular major generali-
zation, or all the principles. 
Statement of the Problem 
The purpose of this investigation is (1) to prepare 
a composite topical outline of the subject-matter topics 
22 
found in four high- school textbooks of chemistry, as a 
source of informational materials with which to develop 
understandings of principles of physical science, and 
(2) to assign to principles of physical science those 
topics which a study of might reasonably be exp ected to 
contribute to the development of an understanding of the 
principles. 
Scope and Limitations of the Investigation 
In the solution of the problem, the investigation 
is limited to the use of four high- school textbooks of 
ch emistry in the prepare.tion of the topical outline, 
and the use of the list of 272 principles of physical 
science developed by Wise. 
No attempt has been made to list the topics in the 
topical outline in order of their relative importance 
for a course in chemistry in the high school. Further-
more, no attempt has been made to list the topics assigned 
to the principles in order of their importance or relative 
values in contributing to a development of an understanding 
of the principle or principles to which they are assigned. 
CHAPTER II 
-DEVELOPMENT OF A COMPOSITE TOPICAL OUTLINE 
.Statement of the Problem 
The purpose of this part of the investigation is 
to prepare a composite topical outline of the subject-
matter topics found in four high-school textbooks of 
chemistry, as a source of informational materials with 
which to develop understandings of principles of physical 
science. 
Selection of the Textbooks 
The criteria for the selection of textbooks for 
analysis in this investigation for subject-matter topics 
were: the textbook (1) must have been published since 
1936, and (2) must be representative of the textbooks of 
chemistry used in high schools. The following four books 
were found to meet these criteria, and were used in this 
in ves tiga t ion: 
Chemistry and Human Affairs, Price, Vlilliam E., 
and Bruce, George H. Yonkers-On-Hudson, New 
York: World Book Company, 1946. 
Applied Chemistry, Wilson, Sherman R., and 
Mullins, Mary R. New York: Henry Holt and Com-
pany, 1939. 
Modern Everyday Chemistr~, Horton, Ralph E. 
Boston: D. C. Heath and ompany, 1937. 
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Dynamic Chemistry, Biddle, Harry c., Bush, 
George L. New York: Rand McNally & Company, 
193'7. 
Techniques Employed 
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A topical outline for the four textbooks was form-
ulated. The subject-matter topics, namely, chapter, 
center, and paragraph headings, were selected in accor-
dance with the procedure adopted by Bls.nchet.l Chapter 
headings and problems within the units were considered 
by the investigator to be major topics. The book which 
appeared to contain the grea test number of major topics 
was used as a guide, and an outline of it was made by 
listing the headings as they appeared in the book. The 
major topics in the other three books and all their 
subordinate topics as listed in the respective books were 
then listed on separate 3 11 x 511 cards. The outline to be 
used as a guide was placed on sheets of paper with five 
vertical columns ruled a t the right-hand margin. A letter 
representing a book was placed at the top of each of the 
first four columns. The total number of books in which 
the particular topic, in line with the number, was found 
was recorded in t he f i fth column. After all t he topics 
and subordinat e t op ics from book (A) had an ( x ) pla c ed 
1wal do Emerson Blanchet, A Basis for the Selec tion • 
of Course Content f or Survey Cour s es i n the Natural 
Sciences, p. 18 3. Unpublished Doctor ' s di sser t at ion, 
University of l·Jlich i g1m , 1946. 
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in column (A) opposite them, topics from the second book 
were added to the outline as follows: an (x) was placed 
in column (B) opposite every topic which appeared in this 
second book and which had been entered in column (A). No 
s.ttention was paid to woro.ing if t he mes.ning was the same. 
After all the topics common to both books had an (x) 
mB.rked in their columns, the reme.ining topics common to 
the major topics were added to the ou tline i n the appro-
pr i e.te pla ces .n nd an ( x) was pla ced opposite t hem in t he 
proper column. A similar procedure was followed with the 
remaining t wo books . 
If' there WB.S disagreement 2.mong the texts a s to the 
proper major topic for a minor topic to support, but two 
or more books did agree, then the minor topic was placed 
in accordance with this. If there was no agreement, the 
minor topic was listed unc1er the major topic as presented 
in the text selected as a guide. 
Topics with the s ame mee.ning but different titles 
were listed under the title used by t wo or more books; 
if there was no such agreement, the title that seemed. 
clearest to the investigator was used. Topics with vague 
titles were r eworded to give a definite idea of the con-
tent, unless this title appeared to be of particular 
va.lue because it was colorful Emd so might arouse student 
curiosity. 
When major topics that did. not appear in the guide out-
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line were found in any of the other three books, they and 
their supporting topics were added to the outline in 
e.ppropria te places near related major top los, a nd e.n ( x) 
was placed in the proper column opposite each entry. 
The completed composite topical outline was then 
checkeo. agains t the textbool\:s to insure that: no headings 
had been omitt~d; every topic found in a book was credited 
to that book by an (x) in the proper place in the appro-
priate column; no book was credited in the outline with a 
topic, which in fact it did. not contain; and t h e total 
number of x 1 s on a line had the same value as the number 
in column five. 
A copy of the composite topical outline was submitted 
to three teachers of chemistry to establish defensibility 
of the placement of the topics in the outline. Blanchet 1 s 
procedure was again followed in the. t the readers were re-
quested to examine the outline critically to ch eck for 
defensibility of the placement of each topic in the outline; 
to insure that there was no repitition of topics regardless 
of wording unless it was clearly evident that it served a 
definite need in the different placements; and also to check 
each title for clarity. If t wo or more of the readers 
agreed upon a change in wording or placement of a topic the 
change was made. 
If a minor topic was contained in one textbook, but 
the major topic to which it was suborc1ine. te was not con-
2? · 
tained therein, credit was given to the book for containing 
the major topic, as it did contribute to the development of 
the major topic and so did actually contain some of the 
subject matter which would be considered under that major 
topic. The establishment of defensibility for the com-
posite topical outline justifies this procedure. 
The composite topical outline which was approved by 
the three teachers of chemistry was then submitted to a 
subject-matter specialist* who applied to the outline the 
same criteria used by the teachers. If the investigator 
could not satisfactorily explain a placement or wording 
of a topic questioned by the subject-matter specia.list, 
the topic in question was, if possible, moved and/or re-
worded in conformity with the judgment of the specialist, 
or was deleted. Thus, the defensibility of the composite 
topical outline was established. 
The following key designates the letters used for 
the textbooks in Table I: 
Letter Authors Title 
A Price and Bruce Chemistry in Human Affairs 
B Wilson and Mullins Applied Chemistry 
c Horton Modern Everyday Chemistry 
D Biddle and Bush Dynamic Chemistry 
Table I, which follows, shows the composite topical 
outline. 
*Vaden W. Miles, Assistant Professor of the Teaching 
of Science, Boston University. 
1. 
2. 
TABLE I 
COMPOSITE TOPICAL OUTLINE OF FOUR HIGH-SCHOOL 
TEXTBOOKS OF CHEMISTRY 
Topics Book A B c D 
Materials of the world.* X X X X 
Elements . X X X X 
Discovering the elements X 
Naming the elements X X 
International syrabols X X :X: 
Atoms X X X X 
Compounds X X 
Molecules X X X 
Law of definite composition X X X 
Naming compOUllds X :X: 
The shorthand used by chemists :X: 
Rules for naming compounds X X 
Purity of · substances X 
What chew,istry is about X 
No end to the use of chemistry X 
A world -of change X :X: 
Chemical changes - X X X 
Atoms not destroyed in 
chemical changes ••••••••••• X X 
Weight changes X 
Experimentation X 
·Equations X X 
Weight -changes and law of con-
servation ••••••••• ~ ••••••••••• X 
Burning Copper in pure Oxygen X 
Conclusions X 
I 
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Total 
Nwnber 
4 
4 
l 
2 
3 
4 
2 
3 
3 
2 
l 
2 
1 
1 
1 
2 
3 
2 
1 
1 
2 
1 
1 
1 
*Table I is read thus: The major topic tt}.[ateria.ls of 
the world" was round in Books A, B, c, and D. The tota~ 
number of books in which the topic was found was four. 
The minor topic "Elements" was :round inBooks A, B, c, 
and D. The total number of books in which the minor topic 
was found was four. · The sub-topic "Discovering the 
elementsn was found in only Book D. The total number of 
books which contained it was one. 
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TABLE I (CONTINUED) 
Topics BOOK Total A B 0 D Number 
2. TcontinuedT 
Control and verification X l_ 
Physical changes X X X X 4: 
States of matter X l 
Distinguishing between chem-
ical and physical changes ••• X 1 
Mixtures X 1 
3. Chemicals as source of energy X X 2 
Energy X X 2 
Storage of energy X l 
Transforming energy X 1 
Energy and chemical reactions X X 2 
Importance of energy 
changes through chemical 
reactions •••••••••••••••• X 1 
Measuring energy X X 2 
Origin of energy in food and 
fuels ...... ~ ...............• X l 
Release of energy in food 
and fuels •••••••••••••••• X 1 
Photosynthesis and res-
piration are opposite 
processes •••••••••••••••• X l 
4. The chemist tests and analyzes X 1 
Flame tests for metals X X 2 
Tests for acids and alkalies X l 
Tests for sugars and starches X 1 
Precipitate tests X 1 
Fabric tests X l 
Testing for elements in the sun 
and stars •••••••••••••••••••••• X l 
5. The chemist builds and synthesizes X 1 
Some products of synthetic 
chemistry •••••••••••••••••••••• X X 2 
Rise of synthetic chemistry X 1 
Importance of catalysts in 
synthetic chemistry ••••••••• :X: 1 
Vlhat is applied chemistry X 1 
Fire hastens mans progress X 1 
6. The value of chemistry X X 2 
Practical value X l 
Chemistry- always with us X 1 
How chemistry affects work X l 
How chemistry affects progres
1
s X 1 
TABLE I (CONTINUED) 
Topics Book Tota~ A B c D Number 
6. {ContJ.nued} 
The age of chemistry X l 
C~e~stry and the problem of 
lJ. vJ.ng •••••••••••••••••••••• X l 
Cultural value of chemistry X X 2 
Scientific method X l 
Results of use of scientific 
method •..•• •••..•....•.••••• X l 
Scientific attitude X l 
Scientific thinking X l 
Learning to accept facts X l 
7. Water and changes of state X X X 3 
Behavior of molecules in gases X X 2 
Behavior of molecules in liquids 
and solids ••••••••••••••••••••• X Pc X 3 
Evaporation and condensation X l 
Distillation X l 
Expansion of water on freezing X l 
Energy changes with changes of 
state •••••••••••••••••••••••••• X l 
Kinetic theory of heat and 
gas refrigerators ••••••••••• X X 2 
Change from solid to gaseous 
state~.~ •••••••••••••••••••• X l 
Melting and boiling 
points ••••••••••••••••••• X l 
Water as standard of 
measurement •••••••••••••• X X 2 
s. Occurrence of water in nature X X X X 4 
Water in nature never pure X l 
Waters underground X l 
Crystals X l 
Water of crystallization X X X 3 
Q,uick freezing f'oods X 1 
Dehydrated foods X 1 
Shapes of crystals X 1 
·v{hy crystals of Sodium 
Carbonate get white •••••••••• X X 2 
Uses X 1 
Do all substances crystallize? X 1 
Colloids X 1 
Water in living things X X 2 
9. Purifying water X X 2 
Impurities in natural water X l 
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TABLE I (CONTINUED) 
Topics Book TotaL A B 0 D Number 
9. { Con t~nued) · 
Yaw water carries impurities x 
Gases in water 
1linerals in water 
Bacteria in water 
Methods of purification 
Removal of suspended matter x 
Removal of substances in 
solution ••••••• ~ •••••••••••• x 
Use of Ammonia x 
Natural purification of 
water....................... x 
X X 
X 
X 
X 
X 
X 
1 
2 
1 
1 
1 
1 
1 
2 
2 
10. Physical properties of water x x x x 4 
Characteristic physical proper-
ties of water , x 1 
Density x 1 
Freezing and boiling points x 1 
~~king thermometers x 1 
Heat holding capacity x 1 
Comparison of other sub-
stances with water •••••••••• x 1 
Chemically pure water x 1 
11. Cherrdcal facts about water x x 2 
Reaction of water with metals x 1 
The chemistry of sodium, 
calcium and magnesium com-
pounds depends on their 
action with water........... x 1 
Composition of water · x x 2 
\rhy is water considered a 
chemical compound •• ~........ x 1 
Gravimetric synthesis of 
vta ter •••• ~ •• ~ ••••••••••••• ~ • 
Methods of finding the composi-
tion of compounds ••••••••• . • •••• 
Two kinds of analysis 
Electrolysis of water x 
Net results of electrolysis 
Nascent state 
Ozone is really Oxygen 
Avogardo's hypothesis · 
Definite proportions 
Water a poor oxidizing agent 
12. The importance of water as a solvent 
• • • • • • • • • • • • • • • X 
Water t he universal solvent x 
X X 
X 
X 
X X 
X 
X 
X 
X 
X 
X 
X X 
X 
2 
1 
1 
3 
1 
1 
1 
1 
1 
1 
3 
2 
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TABLE I (CONTINUED) 
Book !Total Topics A B C D F'Jwnber 
12. (Continued) 
Nature of a solution x 
Solute and solvent 
Solubility 
Solutions and energy x 
Making a solution 
Conditions favoring solutions 
Temperature 
Pressure 
Solutions vary in strength 
Saturated and unsaturated x 
Diluted and concentrated x 
Super-saturate~ x 
Standard 
lvlolar · and normal 
Solutions in common use 
Selective solubility 
Solution vs. suspension 
Oil and water 
. Emulsion 
Dry cleaning 
Advantages in the solvent power 
of water ••••••• ~ •. ~ • • • • • • • • • • • • • x 
Chemical activity · x 
Carriers of materials in the 
living world •••••••• ~ ••••••• x 
LoWer freezing and higher 
boiling point for water ••••• x 
X X X 
X 
X 
X 
X X X 
X X 
X X 
X 
X 
X X 
X 
X 
X 
X 
X 
X X 
X 
X 
X 
4 
1. 
1. 
1. 
1. 
3 
2 
2 
1. 
2 
3 
2 
1. 
1. 
1. 
1. 
1. 
1. 
2 
1. 
1. 
1. 
1. 
1. 
1.3. How we get pure Oxygen x x x x 4 
The importance and discovery of 
OXygen ••••••••••••••• ~......... x 1 
Occurrence of Oxygen in nature x 1. 
Abundant and useful x 1. 
Laboratory preparation of 
Oxygen•••••••••••••••••••••• X X X X 4 
Another source of pure 
Oxygen •••••••••• ~ •••••••• X 1 
Commercial preparation of 
Oxygen •••••••••••••••••••••• x x 2 
14. Oxygen properties and uses x x x x 4 
Vihy is Oxygen the most important 
element? ..•....... ..•........•• 
Physical properties x 
Chemical properties x 
Oxygen and chemical changes 
A very important chemical 
change •.••..•.•••.••••••• 
X 
X 
X 
X 
X 
1. 
2 
2 
1 
1 
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TABLE I (CONTINUED) 
Topics Book Total A B c D Nwnber 
14. (Continued) 
Calcination X 1 
A large class of valuable 
compounds •••••••••••••••• X 1 
Deductions from the 
experiments ••• ~ •••••••••• X 1 
Uses of pure Oxygen in life and 
industry ••••••••••••••••••••••• X X X 3 
The Oxygen blowtorch X X 2 
The photoflash lamp X X 2 
Physiological uses of Oxygen X X 2 
The breath of life X 1 
Decay both helpful and 
harmful •••••••••••••••••• X 1 
15. Oxygen the problem child X X 2 
Factors governing the speed of 
chemi.cal reactions X 1 
Temperature X 1 
Surface contact X 1 
Concentration X 1 
Catalysts X 1 
Kindling temperature X X X 3 
Spontaneous combustion X X X X 4 
Extent of surface exposure X 1 
Dust explosions X X 2 
Gas explosions X X 2 
Danger from volatile liquidf X 1 
Concentrated OXygen as a hazard X 1 
Catalysts and destructive 
oxidation ••••••• ~ •••••••••••••• X 1 
Law of conservation again X 1 
Combustion means burning X 1 
Heating versus burning X 1 
Precautions X X 2 
16. Hydrogen the element X X X X 4 
Why Hydrogen is an important 
element . ... . ....•.•••••...••••• X 1 
Discovery of Hydrogen X 1 
Does Hydrogen occur · in n~ture X X 2 
Laboratory preparation X X X 3 
Replacement by Zinc X X 2 
Replacing the Hydrogen ot 
water X 1 
Explanations; writing 
equations •••••••••••• X 1 
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TABLE I (CONTINUED) 
Topics Book To 'tal 
--- A B c D Number 
16. (Continued) 
Commercial :preparation X X X .3 
Electrolysis X 1 
The Kipp Generator X 1 
Properties of Hydrogen X X X X 4 
Combine Hydrogen and 
Oxygen in measured • > 
amounts •••••••••••••••••• :X: X 2 
Solubility of Hydrogen X 1 
Burning Hydrogen without 
Oxygen. •••••••••••• ••••••• X 1 
Relative activity of 
Hydrogen ••••••••••••••••• :X: 1 
Metals that do not dis-
place Hydrogen •••••••• :X: 1 
Hydrogen measures the 
activity of metals •••• X 1 
Burning of Hydrogen from 
Kipp Generator X 1 
Uses of Hydrogen X 1 
In balloons and dirigibles X X X 3 
In industry X 1 
Hydrogenation X X X X 4 
Torches and atomic Hydro-
gen •••••••••••••••••••••• :X: 1 
Metallurgy :X: 1 . 
Using tables to write formulas X 1 
Practice exercise in writing 
formulas •••••••••••••••••••• X 1 
17. oxidation and reduction X X X 3 
Oxidizing agents .. X X 2 
How· oxidizing agents work x X 2 
Compounds as oxidizing agents :X: 1 
Hydrogen Peroxide X X 2 
Ozone X X 2 
Smell the lightning X 1 
The same element in differ-
ent forms~ •••••••••••••••• :X: 1 
Other oxidizing agents X X 2 
Reduction and reducing agents X X 2 
Hydrogen and Copper Oxide X 1 
Hydrogen is a reducing agent X 1 
Reduction of steam by Iron X 1 
Reversible reactions X 1 
Other reducing agents X 1 
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TABLE I ( CONTI :l\JUED) 
Topics . Book Total A B c D Number 
18. Carbon in nature :X: 1 
The diamond :X: 1 
Value and uses of diamonds X 1 
Where diamonds are found :X: 1 
The South African mines :X: 1 
Some famous diamonds X 1 
The manufacture of diamonds :X: 1 
Graphite X 1 
Occurrence :X: 1 
Uses :X: 1 
Structure of graphite cry-
stals .... .................. :X: 1 
:W.!B.nufacture of graphite :X: 1 
19. How coal was :rormed :X: :X: :X: 3 
The coal forests :X: :X: :X: 3 
Stages in coal :rormation :X: 1 
Kindsof coal :X: :X: 2 · 
Production o:r coal X 1 
Mining :X: 1 
20. Solid fuels :X: :X: X :X: 4 
Black gold X 1 
Chemistry of a coal fire X X 2 
Heating Without air X X 2 
Operating f'ire eff'iciently X X X X 4 
How fires are started X 1 
Burning in air X 1 
Automatic devices to increase 
efficiency of furnaces •••••••• X 1 
Measuring energy in coal X 1 
How f ire is useful X 1 
Buying coal intelligently X 1 
Proximate analysis of coal X 1 
Volatile matter X 1 
Ashes X 1 
Analysis of coal X 1 
Other s olid f'uels :X: 1 
21. More amorphous carbon X :X: X X 4 
Coke X X X X 4 
Charcoal and by-products X 1 
Dry distillation of wood X 1 
Wood charcoal X X 2 
Acid factories X 1 
Animal charcoal {boneblack) :X: X 2 
Lampblack and carbon black X X 2 
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TABLE I (CONTINUED) 
Topics Book Total · A B c D Number 
22. Attractive powers of Carbon X 1 
Adsorption explained X 1 
Adsorption by charcoal X 1 
Gas masks X 1 
Adsorption in industry X 1 
23. Oxides of Carbon X 1 
Carbon Dioxide X X X 3 
Laboratory preparation of 
Carbon Dioxide •••••••••••••• :X: :X: 2 
Preparation of solid Carbon 
Dioxide ••••••••••••••••••••• :X: l 
Dry ice as refrigerant X :X: X 3 
Carbon Dioxide in industry :X: X 2 
In soft drinks X X X 3 
In fire extinguishers X X 2 
Carbon Dioxide in medicine X l 
Carbon Monoxide X 1 
Properties X l 
Formation X l 
24. What atoms are made of. X X X X 4 
fhat the ancients considered 
matter to be. X 1 
Modern theory of nature of matter 
......... .....................• X X X 3 
What a theory is X l 
The Electron Theory X X 2 
Matter made of electricity X X 2 
The birth of the electron 
theory .. ..................•. X l 
Evidence to support the 
electrical matter idea X X 2 
A fundamental law of electricit 'fX X X 3 
Positive and megative X X X 3 
Abundant evidence for atoms 
and molecules ••••••.••••••••• X 1 
Burden of proof on the 
chemist • .............•.••..• X l 
Convincing experiments X l 
Size and content of atoms X 1 
Small but mighty X l 
A look at the invisible X l 
Atomic structure X pc X 3 
Modern ideas of atoms X l 
Hydrogen atom X X 2 
Heavier atoms X l 
A more definite idef X l 
3? 
TABLE I {CONTirWED) 
Topics Book Total A B c D Number 
24. (continued) 
A few inferences X 1 
Electrons and pro-
tons in atom X X X 3 
Electron orbits X X X 3 
Nucleus X 1 
Diagram of atoms X X 2 
Atomic number X X X 3 
Electron and atomic 
num.ber •••••••••••••.•• X 1 
Use of atomic numbers 
in diagraming atoms X 1 
Isotopes :X: X 2 
Chemical theories based 
on facts •••••••••••••••• X 1 
Dalton's theory X 1 
Weight of atoms X 1 
Limitation of the electro~ 
theory. • • • • • • • • • • • • • • • • • I X 1 
Variable valence diffi-
cult to explain X 1 
25. Classifying the elements for study X X X 3 
Efforts at classification X 1 
Twenty years of study X 1 
Periodic table X X 2 
Natural grouping of elements X X 2 
Family characteristics :X: 1 
Interpreting the table X 1 
Use of the table X 1 
Aids in studying ele-
men ts and compounds X 1 
Problems in using the periodic 
lav1 • •••••••••••••••••••.•••••• X 1 
26. Why atoms combine X X X 3 
Chemical affinity X 1 
Chemical union and electron 
theory •. ...•..........•...• X ~ 
Electrovalent combination X 1 
Tendency to complete outer 
shell ... ..................• X 1 
Electron transfer;exam-
ples •••••••••••••••••••• X X 2 
Factors governing electron 
attracting power X :X: 2 
Chemical property and . 
atomic structure •••••••• X 1 
TABLE I (CONTINUED) 
Topics Book_ Total A B c D Number 
26. (Continued) 
Metals and non-metals, 
' chemically •.••• •• ••••• X 1 
Covalent combinati ons X 1 
Covalence and a sharing 
arrangement • ••••••••••••••• X 1 
Mechanism of covalence X 1 
27. How elements combine to form dif-
ferent substances •••••••••••••••• X X X X 4 
Elements i n compounds X 1 
Properties of el ements or 
compounds •••••••••••••••••• X 1 
A chemical law X 1 
N.dxtures of compounds and ele-
men ts ••••••••••••••••••••••••• X 1 
Valence X X X 3 
Knowledge of valence useful ~ 1 
Valence in electrovalent 
compounds •••••••••••••••••• X 1 
Valence of radicals X X X X 4 
Replacement series X 1 
28. Radium has thrown new light on the 
nature of t hings ••••• • ••••••••••• X X X 3 
Alchemists dream X 1 
Symbols and alchemy X 1 
Sources and properties of radium X 1 
Discovery of radium X X 2 
Strange properties of radium :X: 1 
The mother element of radium X 1 
How radium has revoluti onized 
science ••••••••••••••••••••••• :X: 1 
Changing one element into 
another •••••••••••••••••••• X X 2 
Artif icial transmutation X 1 
Heavy water X X 2 
Splitting the atom X :X: 2 
Atom smashing as source . 
of energy ••••••••••••••• X 1 
Producing radioactivity artifi-
cially . . ...... ...............• X 1 
The radium time clock X 1 
Practical uses of radium X 
Uses in treatment of disease~ X 1 
Uses in i ndustry X 1 
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28. (Continued) 
Isotopes again X :X: 2 
Using isotopes for inve sti ... 
gation ••••••••••••••••••••• :X: 1 
Hydrogen and Helium building 
blocks ••••••••••••••••••••• :X: 1 
Conclusions; looking ahead :X: 1 
29. Vvriting chemical formulas X :X: :X: :X: 4 
Formulas 
-
:X: 1 
Determining valences in for-
mulas ••••••••••••••••••• • •• X 1 
Formulas with radicals :X: 1 
Order of formulas X 1 
A list of important formulas :X: 1 
Examples of construction X 1 
Elemental gases X X 2 
Practice in the use of valence X 1 
Valence of different ele-
men ts ••••••••••••••••••••• ._ X :X: 2 
Valence applied to oxidation 
and reduction •••••••••••••• X 1 
-30. How we write chemical equations X X X 3 
Vfhat is a chemical equation? X X 2 
Hovt to read a chemical 
equation ••••••••••••••••••• X 1 
What is a balanced equation? X X 2 
What chemical equations tell 
you •• ..••••.•.•..••..•.•••• :X: X 2 
Principles in writing equations X X , 2 
Four types of chemical reac-
tion . .................... ..• X X 2 
Simple combination equa-
ti ons •••••••••••••••••• .._ X 1 
Other combination equa-
tions ••••••••••••••••••• X X 2 
Equations of decomposi-
tions .. ................• X X 2 
Equations of double re-
placements •••••••••••••• X X 2 
Deriving new formulas from 
those already known •••••••• X 1 
31. Weighing the invisible X X X X 4 
Relative weights of atoms X X X X 4 
Calculate the molecular weight 
of a compound ••••••••••••••••• X 1 
TABLE I ( CONTINtJED) 
Topics Book A B C D 
31. (Continued) 
Molecular weight by atomic 
weight..................... x x 
Atomic weights from molecu-
lar weights ••••••••••••••• 
Calculating molecular weight 
of gases ••••••••••••••••••• 
Calculating molecular weight 
of liquids and solids 
Percentage composition by 
weight. • • • • • • • • • • • • • • • • • • • • x 
Determining molecular 
weight by experimentation 
Determining the formula 
for water ••••••••••••••• 
Determining the formula 
for Sulfur Dioxide 
32. Knowledge of atomic weights aids 
chemists......................... x x 
How a chemical equation is 
useful mathematically ••••••••• 
Calculating aroount of 
material to use •••••••••••• x 
Calculating the amount of 
product •••••••••••••••••••• x x 
Weight and volume in chemical 
changes ••••••••••••••••••••••• 
Calculating the volume of 
substances in chenucal 
changes •••••••••••••••••••• 
33. Ionization x 
Development of the Ionic theory 
How Arrhenius reasoned 
Solutions that conduct 
electricity •••••••••••••••• 
Unusual effects of electro-
lytes in solutions ••••••••• 
Explanation of the experi-
ment.. • • • • • • • • • • • • • • • • • • • • • x 
Chemical effects of current x 
Ionization precedes electro-
lysis ••••••••••.••••••••••• x 
Ions the basis of electroly-
sis •••••••••••••••••••••••• 
A reversible process x 
X 
X 
:X: 
X 
X 
X 
X 
:X: 
:X: 
X 
:X: 
X 
X X 
X 
:X: 
X 
X 
:X: 
X X 
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3 
1 
1 
1 
1 
1 
1 
1 
3 
1 
2 
3 
1 
1 
3 
1 
1 
1 
1 
1 
2 
2 
2 
1 
TABLE I (CONTINUED) 
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33. (Continued) 
34. 
Condition favorable to 
electrolys1s ••••••••••••• x 
How heat aids x 
Explains many chemical 
reactions •••••••••••• ~ ••• x 
The theory of ionization summar-
ized •••••• ~.~·••••••••••••••••• 
The theory in a nutshell 
Ionization of characteristic 
compounds ••••••••••••••••••• 
Why some compounds don't 
ionize ••••••••••••••••••• 
The electron and ionization 
theories •••••••••••••••••••• 
Two theories in agreement 
Acids and bases 
Acids 
Character and definition 
Common but important 
Hydrogen ions 
Other positive ions 
Acid solutions 
Strong and we8.k acids 
General preparation 
Two great classes 
Acids and metals 
Naming 
Names determined by com-
position •••••••••••••••• 
Further simplification 
by grouping ••••••••••••• 
Testing 
Neutralization 
Indicators 
Two poisons become harm-
less •••••••• • ••••••••••• 
Oxides and carbonates 
neutralize acids •••••••• 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Bases x 
How distinguished from acids 
Character and definition 
Defined by the ionization 
theory •...•••.•..••.•••• 
Solubility _ x 
X 
X 
X 
Properties x x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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1 
1 
2 
1 
1 
1 
1 
1 
1 
4 
3 
3 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
1 
2 
1 
1 
2 
1 
1 
1 
1 
3 
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34. (Continued) 
Strength X 1 
IndicatOrs X X 2 
Preparation X X 2 
Sodium Hydroxide X X X 3 
Behavior X X 2 
Industrial preparation 
of Sodium Hydroxide •••••• X 1 
Electrolysis of brine X 1 
Explanations X 1 
The Bastner Process X 1 
Collecting the pro-
ducts •••••••••••••• :X: 1 
Ammonia water X 1 
35. Salts X X X 3 
The electron and ionization 
theory explains the relatipn of 
salts to acids and bases •• .••••• X 1 
Related to acids and bases X 1 
Kinds and varieties of salts :X: 1 
V~ere salts are found :X: 1 
Importance and properties X 1 
Varied properties :X: X 2 
Preparation of salts X X 2 
Extraction of salt X 1 
Neutralization of Hydrochlo-
ric acid •••••••••••••••••••• X 1 
Writing neutralization 
equations •••••••••••••••.• X 1 
Naming a salt X X 2 
Hydrolysis X X X 3 
Many salts hydrolyze X 1 
Normal, acid, basic and 
mixed salts •••••••••••••••• :X: 1 
Hydrolysis may result in 
either acid or basic sol-
utions .•••.••••..•.••••• X 1 
Salts react to litmus X 1 
36. Practical uses of acids, bases and 
salts•••••••••••••••••••••••••••• :X: :X: X 3 
Cleaning metals with acids :X: l 
Testing for gold X 1 
Testing vinegar X l 
Testing concentration of Ammon-
ium Hydroxide ••••••••••••••••• :X: 1 
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- - A B c D Number 
36. (Continued) . 
Use of salt X 1 
How lime is us ed X 1 
Electroplating X X 2 
Printing books X 1 
Practical uses of hydrolysis X 1 
il~ortance of Sodium Hydroxide X X 2 
Testing for wool X 1 
For cleaning drains X 1 
In soap making X 1 
3?. Chemicals and electricity X X 2 
Relation between chemistry and 
electricity ••••••••••••••••••• X 1 
Chemical production of elec-
. tricity •••••••••••••••••••• X 1 
Simple electric cells X 1 
Dry cell X 1 
Lead storage battery X X 2 
A storage battery 
stores chemical 
energy •••••••••••• X 1 
Annoying electric currents X 1 
38. Sulfur X X X 3 
Sulfur has a high place in 
chemistry ••••••••••••••••••••• X 1 
Sources and properties X 1 
Sulfur and compounds in 
nature •••••••••••••••••• X 1 
The Frasch process X 1 
A member of the oxygen sul-
fur f amily ••••••••••••••••• X 1 
Varities X 1 
Crystalline X 1 
Non-crystalline (All otropi c) X X 2 
Properties .. X l 
Chemical X l 
Physical X 1 
Uses X l 
Selenium and Telluri um . - X 1 
Selenium a conductor of elec-
tricity i n t he light •••••••• X 1 
Tellurium an old element of 
little value ••• ••• • • • •••• • •• :X: 1 
. 
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38. (Continued} 
A broader field of chemistry :X: 1 
39. Hydrogen Sulfide X :X: 2 
Occurrence of Hydrogen Sulfide :X: 1 
Laboratory preparation X 1 
Properties :X: 1 
Hydrogen Sulfide as an acid :X: 1 
Sulfides X 1 
Combustion of Hydrogen Sul-
fide ••••••••••••••••••••••• X 1 
With silver and lead paints X 1 
Poisonous nature :X: 1 
With dissolved salts X 1 
Testing for :X: 1 
Testing with (Analytically) :X: 1 
40. Sulfur Dioxide and Sulfurous Acid X X 2 
Commercial production of 
Sulfur Dioxide •••••••••••••••• X 1 
Laboratory preparation :X: 1 
Important properties and uses 
of Sulfur Dioxide ••••••••••••• :X: X 2 
Properties of Sulfur Dioxide :X: X 2 
Uses as food preservative X 1 
Uses as a germ killer :X: 1 
Formation of sulfurous acid :X: 1 
Sulfites :X: 1 
41. Sulfuric Acid X X X :X: 4 
Measuring civilization by 
Sulfuric acid :X: X 2 
Properties :X: X 2 
As an acid :X: 1 
Drying properties X X X 3 
Care in diluting with 
water ••••••••••••••••••• :X: 1 
oxidizing agent :X: X 2 
Comparison with other acids X 1 
Nanufa cture :X: X X 3 
Contact process X 1 
Uses of Sulfuric acid X X 2 
Sulfates :X: 1 
Other uses :X: 1 
Testing for Sulfuric acid X 1 
42. The Halogens X X :X: 3 
Fluorine X X X X 4 
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42. (Continued) 
Chlorine X 1. 
Bromine X X 2 
Iodine X X 2 
Element 85 X 1 
Occurrence of the halogens :X: 1 
Principles involved in freeing 
the halogens •••••••••••••••••• X 1 
Removing electrons electrically :X: 1 
Removing electrons chemically X 1 
Burning v~thout Oxygen X 1. 
Slow oxidation X 1 
New conception of oxidation X 1 
43. Chlorine X X X X 4 
Importance and properties of 
Chlorine •••••••••••••••••••••• X 1 
Properties of Chlorine X 1. 
Chlorine and Hydrogen X X X 3 
Chlorine with metals :X: 1. 
Defining combustion 
again •••••••••••••••• :X: 1 
The preparation and uses of 
Chlorine •••••••••••••••••••••• :X: 1 
Commercial preparation X 1. 
Laboratory preparation X X 2 
How Chlorine is used X 1 
Sodium Hypochlorite X 1 
As a germ killer X X 2 
Carbon Tetrachloride X X 2 
A number of minor uses :X: 1 
Bleaching X X X 3 
Methods X 1 
Bleaching agents X 1 
Bleaching powder X :X: X 3 
Cotton goods :X: 1 
Chief advantages of oxida-
tive bleaches over reductive 
bleaches •••••••••••••••••••• X l. 
Peroxide as a bleach X 1 
Paper is bleached X 1 
Javell water X 1 
Other oxidative bleaches comn.on-
ly used •••••••••••••••••••••• X 1 
How SUlfur Dioxide bleaches X 1 
Bleaching agents preferred 
for common substances ••••••• X 1. 
Compounds of Chlorine X 1 
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43. (Continued) 
Calcium Hypochlorite :X: 1 
44. Bromine :X: :X: X 3 
An active liquid element :X: 1 
Preparation of Bromine X X 2 
Commercial preparat ion ot 
Bromine•••• • ••••••••••• • ••• X 1 
Uses of Bromine X 1 
Compounds of Bromine X 1 
45. Iodine X X X 3 
Sublimation of Iodine X 1 
Preparation of Iodine X 1 
Commerci al preparation X 1 
Uses of Iodine X 1 
Compounds ot Iodine X 1 
Test tor . Iodine X 1 
46. Binary halogen aci d$ X X X :X: 4 
Hydrochloric acid X X 2 
Preparation ot Hydrochloric 
acid •••• • ••• • •••••• • ••••••• X X X 3 
Other ways to prepare 
Hydrochloric acid 
Use of Sulfuric acid in 
X 1 
preparat ion of Hydrochlor!" 
ic acid •••• • •••••••••••• X 1 
Byproducts and profits X 1 
Uses of Hydrochloric acid X X X 3 
Sky writing X 1 
Hydrofluori c acid X 1 
Hydrobromic and Hydriodic acids X 1 
4?. Comparison of halogens X X 2 
Test for a halide ion X :X: 2 
Test for a chloride X 1 
Test tor halogen ions :X: ' X 2 
48. Nitrogen and its uses X :X: X 3 
A problem for .chemical research X 1 
How Nitrogen was discovered X 1 
Why Nitrogen compounds are 
scarce ••••••••••••••••••••• X 1 
Natural sources of nitrogen 
compounds •••••••••• • •••••••••• X 1 
Why we need nitrogen com-
pounds •• ••••••••••••••••••• X X 2 
4? 
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48. (Continued) 
How we prepare Nitrogen commer-
cially . .......................• X 1 
Fixation of Nitrogen by 
chemical means •••••••••••••• X X 2 
The Haber Process X X X 3 
Liquid air as a source of 
·. supply •. .•.••••••••• · •••••••• X 1 
How we prepare Nitrogen in the 
laboratory ••••••••••••••••••••• 1 
4~. Ammonia and what we do with it X X X 3 
Preparation of ammonia gas X X 2 
Laboratory preparation X X 2 
Commercial sources X X 2 
Physical properties X 1 
Chemical action of ammonia X l 
Ammonium Hydroxide X l 
Important commercial uses of 
B.II.IIIlonia • • • • • • • • • • • • • • • • • • • • • • • • X 1 
Uses of ammonia X X 2 
Ammonia as a fuel X l 
Methods of testing for ammon-
ium radical •••••••••••••••••••• X X 2 
50. Nitric acid and oxides of Nitrogen X X X X 4 
Manufacture of Nitric acid X X X X 4 
The Ostwald Process X l 
Some properties of Nitric acid X X 2 
Metals do not liberate 
Hydrogen from Nitric acid X X 2 
Stains the skin X 1 
Is an oxidizing agent X 1 
Has acid properties X l 
Uses of Nitric acid X X 2 
Useful with organic com-
pounds and metals ••••••••••• X 1 
Aqua Regia X 1 
Test for nitrate ion X X 2 
Oxides of Nitrogen X X 2 
Nitrites X l 
Highly poisonous substances X 1 
Less i mportant Nitrogen compounds X 1 
51. Explosives X X X X 4 
War X 1 
Peace X 1 
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51. (Continued) 
How explosives work X 1 
Detonation X 1 
Three types of explosives X 1 
Nitroglycerin X X 2 
Pyroxilin products .. X 1 
Guncotton and rayon X 1 
Nitrocellulose X 1 
TNT - X :X: 2 
Smokeless p~vder X 1 
Black gun powder .. X X 2 
Picric acid X 1 
52. Elements from bones X X 2 
Phosphorus X 1 
Unusual properties of phos-
phorus ••••••••••••••••••••• X 1 
Fires from white phos-
phorus •••••••••••••••••• X 1 
Matches X X 2 
Manufacture X X 2 
Why matches light X 1 
Head of matches X 1 
Safety matches X 1 
Striking surface·s X 1 
Search for the Philosopher's 
stone •••••••••••••••••••••• X 1 
How Phosphorus is obtained X 1 
Compounds X 1 
Pentoxide and acids of 
Phosphorus •••••••••••••• X 1 
Phosphat e fert ilizers X 1 
53. Other elements of the Nitrogen 
group • ••••••••••••••.•••••••• • ••• X X 2 
Arsenio, Antimony and Bisrauth X 1 
Arsenic X X 2 
Tests for Arsenic and i ·ts 
compounds ••••••••••••••• X ~ 
Antimony :X: X 2 
Antimony compounds X 1 
Bismuth X :X: 2 
Comparison of members of the 
ni t rogen-phosphorus fru~ly X 1 
54. Fi nding and selecting t he right 
rna. terial . .......................• X X 2 
When will ac t ions occur? X l 
TABLE I (CONTINUED) 
Book Topics A B C 'D 
54. (Continued} 
Guides for prediction of 
chemical action ••••••••••••• 
A chemist's problem 
Why use the apparatus we 
do? • •••••.••••••••.•••••• 
The periodic table x 
Basis of the periodic table x 
Improvement in the periodic 
table. • • • • • • • • • • • • • • • • • • • • • • x 
Moseley and atomic number x 
Important facts revealed by 
the periodic table, ••••••• ~. x 
General statement of the period 
ic lavi ••••••••••••••••••••••••• x 
Practical value of this law x 
Chemical principles re- . 
sulting from inquiry •••••••• 
Three companions of chemical 
change •. ••••.•.•••.•••••• · .••••• 
55. Temperature and chenucal reactions x 
Getting reactions started x 
Altering the ter~erature 
stability of chemical compounds x 
56. Pressure and chewical reactions x 
Pressure increases the yield 
of some reactions •••••••••••••• x 
Le Chatelier's principle x 
Laws concerning volume of 
gases 
Gases best known of 
elements ••••••••••••••••• 
How the volume of gases 
changes •••••••••••••••••• 
Effect of temperature 
and pressure on volume 
Aqueous vapor pressure 
correction ••••••••••••••• 
Laws concerning the confuina-
tion of gases ••••••••••••••• 
57. Contact and colloids x 
The great value of solvents x 
Reactions of insoluble sub-
stances ••••••••••••••••••••• x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Nurllber 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
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5?. (Continued) 
The colloidal state X 1 
Types o~ colloidal mixtures X 1 
Silica gel a substance of 
colloidal nature X 1 
Properties of colloids X X 2 
Properties of colloids re-
lating to chemical action X X 2 
Preparation and preservation 
ot colloids ••••••••••••••••• X 1 
Two methods of preparation X 1 
Preparation of colloids 
tor industry ••••••••••••• X 1 
Stabilizing a colloidal 
condition •••••••••••••••• X 1 
Destruction of a colloidal 
condition •••••••••••••••• X 1 
Opposite electric charge X X 2 
Reversing existing acid 
or basic condition ••••••• X X 2 
Concentrated solution of 
Sodium Chloride or other 
salts •••••••••••••••••••• X X 2 
Uses of colloids in industry X 1 
Flotation of ores X 1 
El~ctrical precipitation X 1 
Process ot adsorption X 1 
Formation of emulsions or 
gels X 1 
Coagulation in various 
forms •••••••••••••••••••• X 1 
58. Catalysts and their work X X 2 
Metals and their oxides as cata-
lysts . ......................•.• X 1 
Fluid catalysts X 1 
Not all is known about catalyst~ 
•••• • •••••••••••••••••••••••••• X 1 Catalysts that RETARD chemical 
action .....................•.•• X 1 
Using a catalyst X X 2 
59. Equilibrium and reactions going to 
completion •••••••••••••••••••••••• X X :X: 3 
Chemical actions tend to a state 
ot equilibrium ••••••••••••••••• :X: 1 
Reversible changes :X: 1 
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59. (Continued) 
Chemical actions that go to end X 1 
Mass action X 1 
Reactions that must be forced to 
completion ••••••••••••••••••••• X 1 
Changing the concentration :X: 1 
By removing products :X: 1 
-
60. Metals and where we get them X :X: X 3 
~ow me~~ls are di~tinguished 
rom o er e emen s X :X: 2 
Properties definition and 
separation of metals 
-
:X: X 2 
Classifying metals :X: 1 
Two classes of metals X 1 
Alloys X :X: X X 4 
Sources of metals X 1 
Rocks :X: 1 
Origin of ore deposits :X: 1 
Discovering ore deposits X 1 
Iv1ining X 1 
The activity series again X X 2 
How useful in preparation 
of metals ••••••••••••••••••• :X: X 2 
Displacement of metals X X 2 
General methods for preparing 
compounds of me~als :X: 1 
Preparation of oxides X 1 
Preparation of hydroxides X 1 
Preparation of salts X 1 
General rules for solubility 
' in water of salts and hydrox-
ides ••••••••••••••••••••••••••• X 1 
Certain conclusions X 1 
Metals most useful to man . . X 1 
61. Extracting metals from ores X X X 3 
The problem X 1 
Three principle methods or 
metallurgy ••••••••••••••••••••• X 1 
Extracting free metals X 1. 
Concentration by gravity :X: 1 
The cyanide and mercury 
processes •••••••••••••••• X 1 
Extraction of' combined metal~ 
1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • X 
Concentration of' the ore . X 1 
osrn , ~Jn~~-.::. ~t ~~} 
:- ·:~J·:..-' :)~ f~··r··: · .-~ ~ 
! . ·~. . • ; 
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61. (Continued) 
Conversion of ores to 
oxides ••••••••••••••••••• X 1 
Reductions X 1 
Purifications of metals X 1 
.. 
62. The light metals X X 2 
The sodium family or alkali 
metals X 1 
S9dium and Potassium the 
leading members ••••••••••••• X 1 
Sodium X 1 
Important compounds 
of the sodium family X 1 
Sodium Chloride X 1 
Sources and uses 
of salt ••••••••• X 1 
Common salt in the 
preparation of I 
other chemicals 
The di reo t mining 
X 1 
of salt ••••••••• X 1 
Salt from sea 
wells ••••••••• X 1 
Salt from sea 
water •••••••••••• X 1 
Sodium Carbonate X 1 
A close second t~ 
Sodium Chloride X 1 
As substitute to] 
Sodium Hydroxide X 1 
Solvay process X 1 
An idea comme -
cial process ••• X J. 
Sodium Hydrogen Car-
bonate •••• • •••••••••• X J. 
Baking soda X J. 
Preparation of 
baking soda X l. 
Sodium Tetraborate X 1 
Borax X J. 
Borax beads in 
analysis ••• . • •••• X J. 
An acid eyewasl X J. 
Other Sodium compounds X J. 
Potassium and its uses X J. 
Uncommon members of the sodiun 
faraily •. ...•••••.•.....••.•..•• X X 2 
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62. (Continued) 
The magnesium family 
- . X 1 
Magnesium and its compounds X X 2 
Preparation of Magnesium X 1 
Asbestos rock fibers X 1 
Face powder from rock X 1 
Epsom salts X 1 
Magnesium Oxide X 1 
Magnesium Chloride X 1 
Useful alloys of !fJ.B.g-
nesi um ••••••••••••••• X 1 
Brilliant flame of rJiag-
nesium •••••••••••••••••• X 1 
Cadmium X 1 
A discovery still be to made :X: 1 
Using family relationship X 1 
Other alkaline earth metals X 1 
The calcium frunly X 1 
How do calcium compounds 
serve man? •••••••••••••• X 1 
Calcium Carbonate X 1 
Very abundant in 
nature •••••••••••• . X 1 
Characteristic 
action with acids X 1 
Limestone caves X 1 
Other calcium compounds X 1 
Gypsum and plaster 
of paris •••••••••• X 1 
Lime X 1 
The thirsty sub-
stance ••••••••• X 1 
The producer of 
Acetylene ••••••• :X: 1 
From X-Ray to fireworks X 1 
Aluminum :X: 1 
Most abundant element X X 2 
I mportance and uses X X 2 
Vlhy Aluminum is so val-
uable a metal in indusl 
try ..•............•••• X 1 
Chemical uses of Alu-
minUlll. ••••••••••••••••• X 1 
Used in welding :X: 1 
Used in reduction X 1 
Transportation X 1 
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62. (Continued) 
Other important uses of 
Al 'll.Irl.inum.. • • • • • • • • • • • • • • • • • •• X 1 
How Altuninwn is extracted X 1 
Al'll.Irl.inum by the Hall process X X 2 
Thermit X 1 
The electric furnace :X: X 2 
A second possible fortune 
in the metallurgy of 
Allliili nt.UD.. • • • • • • • • • • • • • • •• X 1 
Wider uses of Al'll.Irl.inum X 1 
Compounds of Aluminum X 1 
Aluminum Oxide and man made 
gems • ••••••••••••••••••••• ~. X 1 
The most important Aluminum 
cornpound X 1 
Not alum but alums X 1 
Identification tests for Alum-
inlliD. • •••••••••••••••••••••.••••• X 1 
63. Iron and Steel X X X X 4 
How various for.ms of Iron are 
obtained, •••••••••••••••••••••• X 1 
Obtaining Iron from ores X :X: X 3 
Iron ores X 1 
Materials fed to blast fur-
nace •••••••••••••••••••••••• X X X 3 
How the furnace digests 
its food X X X 3 
Construction and opera-
tion of the Blast fur-
nace ••••••••••••••••••••• X X X 3 
Products: Iron and slag X 1 
Abundance and varieties of 
Iron •• ••...•..•....••.•••••• X 1 
Two different forms X 1 
Pig Iron and Cast Iron :X: X X 3 
Vi rough t Iron X X 2 
Malleable; impurities X ~ 
Importance of Iron X 1 
The most useful metal X 1 
Steel X X 2 
How Steel is made X 1 
The Bessemer process :X: X 2 
\Vhat occurs in the 
Bessemer converter X 1 
Crucible Steel X l. 
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63. (Continued) 
Open-hearth Steel making :X: X X X 4 
The most beautiful 
sight in industry ••••• X 1 
Comparison of open-hearth 
and Bessemer :process •••••••• :X: 1 
Electric Steel X 1 
Properties X 1 
Acid and basic impuritief X 1 
Teropering X X 2 
Heat treatment X X 2 
Case hardening and ni-
triding ••••••••••••• ~ •••• X 1 
Explanation of hardness 
and tempering •••••••••••• X 1 
Wider uses ot Steel X 1 
Commercial Iron :products X X 2 
Compounds of Iron X 1 
Ferrous compounds X 1 
Ferric compounds X 1 
Complex cyanides X 1 
Chemical action in 
blueprints •••••••••••• X 1 
64. Extraction and use of Co:p:per X X 2 
11here Co:p:per is found X X 2 
How Copper is extracted X X 2 
How crude Copper is refined X 1 
Refining Copper by alec-
trolysis ••••••••••••••••• X 1 
Separating Copper from Sil-
ver and Gold •••••••••••••••• X 1 
A commercial process 
based on displacement •••• :X: 1 
How Copper is used X 1 
A great conductor X 1 
Non-rusting Copper X 1 
Copper compounds X 1 
Copper not an active metal X 1 
Most common Copper com-
pounds X 1 
Cuprous X 1 
Mostly poisonous X 1 
65. Chief properties and uses ot: Tin 
and Lead •••••••••••••••••••••••••• X 1 
How Tin is used X X 2 
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65. (Continued) 
In cans and many other val-
uable articles •••••••••••••• X 1 
Wreking Tin plate X 1 
PUre Tin X 1 
Production of Tin X X 2 
Old and new sources X 1 
Metallurgy of Tin X 1 
Recovering waste Tin X 1 
Two unusual properties X 1 
Compounds of Tin X 1 
Double nature of Stannous 
Chloride •••••••••••••••••••• X 1 
Stannic Chloride X 1 
Weighting of silk X 1 
Lead a companion of Tin X 1 
Importance and uses of Lead X X 2 
Properties which determine 
uses of Lead X 1 
Chief uses X X 2 
Production of Lead X X 2 
Lead ore X 1 
The chief metallurgical 
process •••••••••••••••••• X 1 
Silver separated by 
dissolving in Zinc X 1 
Compounds of Lead are useful X X 2 
Yellow, red and brown 
oxides ••••••••••••••••••• X 1 
Sugar of Lead X 1 
Other Lead compounds X 1 
Dangers of Lead poisoning X 1 
66. Silver and Mercury X X 2 
Silver a precious metal X 1 
Properties and uses X X 2 
Why Silver articles are 
not pure X 1 
Silver in nature X 1 
Silver as a by-product X l 
Two minor processes for sepa· 
rating Silver •••••••••••••• X X 2 
Compounds X 1 
The most important Silver 
compound X 1 
Cleaning silverware X 1 
Making mirrors X l 
In photography X 1 
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66. (Continued ) 
Mercury t he liquid metal X 1 
Uses and sources X 1 
-
How Mercury is used X 1 
Obtained from red rock X 1 
The metallurgy of Mercury X 1 
Compounds X 1 
Two series again X 1 
Bichloride and Calomel X 1 
Mercuric Sulfate X 1 
Other useful Mercury 
compo'unds ••••••••••••• X l 
67. Other common metals X l 
Zinc and its compounds X 1 
Importance of Zinc X l 
How Zinc is used X 1 
Not f ound free X 1 
Zinc white X l 
Zinc Chloride 
' 
X 1 
One white insoluble sulfide X l 
Manganese X l 
Removal of Oxygen from Steel X 1 
Methods of obtaining Mangan-
ese ••••••••••••••••••••••••• X 1 
Compounds as oxidizing agent X l 
Chromium X l 
Prepared like 1manganese X l 
Compounds deeply colored , X l 
Nickel X 1 
Named from old nick X 1 
Cobalt X l 
Vanadium X l 
Numerous and useful compound~ X 1 
Tungsten X l 
Molybdenum X l 
The metal that talks X 1 
Titanium X l 
68. Gold and Platinum :X: 1 
Gold the object of many a search X 1 
How mined X X 2 
Extracted in three ways X 1 
How used X 1 
The basi s of many 
systems of money •••••• X 1 
Littl e use chemically X 1 
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68. (Continued) 
The thinnest sheets of 
Gold ••.••••..••.••••.•••• X 1 
In jewelry X 1 
Compounds of Gold X 1 
Inactive chemically X 1 
Platinum group and certain othe ~ 
metals ••••••••••••••••••••••••• X 1 
A miscellaneous group of 
metals •••••••••••••••••••••• X 1 
Platinum group X 1 
Platinum a companion of 
Gold • •.•.•.•.•.•••.•••••• X 1 
Production :X: 1 
How Platinum is 
separated •••••••••• X 1 
Compounds X 1 
Property and uses :X: 1 
In jewelry X 1 
Other values X 1 
In chemistry X 1 
69. Alloys in mDdern life X X X 3 
Pure metals are unusual X 1 
Nature and properties of alloys X 1 
Old and new alloys X 1 
Gold alloys X X 2 
Brass X 1 
Other corr~on alloys X 1 
Silver alloys X 1 
Alloys of Nickel X 1 
Alloys of Iron, Steel 
and Nickel ••••••••• •••••• X X 2 
A natural alloy :X: 1 
Steel crystals given a 
rest •••••••••••••••••• X 1 
Other i mportant alloy Steels X X X X 4 
Special properties X X X 3 
Extensive use oi 
ChromiUill •••••••••••••• X 1 
Molybdenum X 1 
VanadiUill X 1 
Alloys of Copper and Tin X X 2 
Leading Lead alloys :X: 1 
Aluminum alloys :X: 1 
Aluminum improved X 1 
TABLE I (CONTINUED) 
Book Topics A B C D 
69. (Continued) 
Copper and Silicon with 
All.l.Dli num. • • . • • • • • • • • • • -. • • 
Future of alloys 
Metallography is a scientific 
problem .•..••..•..•..••••••• X 
Science furnishes some new 
tools ••••••••••••••••••••••• X 
?0. Fighting corrosion X X 
Which metals are the rust re-
sisters? ••••••••••••••••••••••• 
Corrosion from Oxygen and 
Sulfur compounds ••••••••••••••• x 
Corrosion by electrolysis x 
What happens when metals 
corrode •••••.•••••••••••••••• 
Electroplating x 
Other coatings x 
Cleaning rusty or corroded 
articles ••••••••••••••••••••••• x 
?1. The chemical use of light 
Photography 
The control 
Taking picture on the plate 
or film ••••••••••••••••••••• 
Special processes in photo-
graphy ••• •••.••••••.•.•••••• 
The fixer 
Printing 
Color photography 
The electric eye 
The relay 
A swmmary of photochemical 
effects ••••••••••••••••••••• 
?2. Some principles of organic chemis-
try • • •• • • • • ••• • • • • • • • • • • • • • • • • • • • • X 
Meaning and importance of 
organic chemistry •••••••••••••• x 
Larger scope of organic chemis-
try •..•.. .........••........••• 
Comparison of organic with 
inorganic chemistry •••••••••••• 
Double nature of Carbon 
X 
X 
X 
:X: 
• 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X X 
:X: 
X 
X 
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1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
1 
1 
1 
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72. (Continued) 
Why Carbon compounds are 
numerous •••••••••• • •••••••• X :X: 2 
Graphic formulas :X: X 2 
Pictures of molecules X 1 
Writ i ng graphic formulas X 1 
Isomers :X: :X: 2 
Organic radicals and struc-
t ural formulas • •• •••••••••• X 1 
Organic formulas and synthesis X 1 
Building molecules with 
radicals •••••••••••••••••• • X 1 
Organic accelerators X 1 
Hydrocarbons of several series :X: 1 
A general formula X 1 
Straight chained and 
branched chain compounds X 1 
The lightest gaseous 
compound ••••••••••••• :X: 1 
Saturated and unsaturated 
compounds ••••••••••••••• :X: 1 
Saturated compounds X 1 
Other members of 
the methane series X 1 
Substitution pro-
ducts ••••••••••••• :X: 1 
Halogen substi-
tuted for Hydro-
gen •••••••••••• :X: 1 
Useful halo-
gen deriva-
tives ••••••• :X: 1 
Unsaturated hydro-
carbons •••••••••••••• :X: 1 
Double bonded 
Ethylene •••••••••• X 1 
Preparation of 
Ethylene ••••••• X 1 
.An artificial 
fruit ripener :X: 1 
A valuable an-
esthetic ••••••• :X: 1 
A material for 
a poison gas ••• X 1 
Triple bonded 
Acetylene ••••••••• X X :X: X 4 
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?2. (Continued) 
Ring compounds, aro-
matic hydrocarbons X 1 
The Benzene ring X 1 
Production and 
uses of Benzene X 1 
?3. Petroleum and liquid -fuels X X :X: X 4 
Origin and sources of petro-
lellnl • .••••••••••••••••••••••••• :X: 1 
Origin of petroleum X X X 3 
Seienee · conquers super-
stition ••••••••••••• ~ ••••••• :X: 1 
Colonel Drake strikes oil X 1 
-· Early knowledge of petroleum X 1 
Opening American oil fields X 1 
How locate petroleum today X X 2 
World occurrence of petroleum X X 2 
The petroleum shales X 1 
Hmv oil is transported X 1 
The future of oil :X: 1 
The Bergius process X 1 
sources of energy X 1 
Some alcohols make good 
fuels . •..•....•.........••.• X 1 
Germans flood market with 
alcohol from coal ••••••••••• X 1 
?4. Petroleum and natural gas X :X: X X 4 
The Parafin series X 1 
Natural gas X X 2 
Petroleum X X 2 
Impurities in petroleum X 1 
Other products from 
petroleum •••••••••••••••• X 1 
?5. Refining and using petroleum X :X: X X 4 
Petroleum industry X 1 
Fractional distillation :X: :X: :X: :X: 4 
Distill petroleum; e:x:peri-
ment •••••••••••••••••••• · •• • • :X: 1 
The Piep still X 1 
The fractions from crude 
petroleum ••••••••••••••••••• X 1 
Superior gas for modern en~ines X X 2 
Flash point apparatus X 1 
Octane rating X X X 3 
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?5. {Continued) 
Improv~ng quantity and quality 
of gasoline •••••••••••••••••••• X X X X 4 
Thermal cracking X X X 3 
Catalytic cracking X X 2 
Aviation gasoline X l 
Other factors governing 
quality of gasoline ••••••••• X l 
Fuel oil X l 
Gasoline and oil from coal X l 
76. Fuel gases X X X :X: 4 
Natural gases X :X: 2 
Coal gas - X X X X 4 
A miniature gas plant X l 
By-products and main 
products ••••••••••••••••• X l 
Coke is a by-product X 1 
Tar is the first by-
product ••••••••••••••• X 1 
.Ammonia is the second 
by-product •••••••••••• X X 2 
Illuminating gas X X 2 
Commercial gas plants X l 
Operation X l 
A modern ga~ plant sto ~s 
waste X l 
Where the gas goes X 1 
Purifying and stor-
ing the gas •••••••• X l 
How gas is enriched X 1 
Light t he streets with smoke X l 
Other gases X 1 
Water gas X X X X 4 
Manufacture X 1 
Chemical properties - X l 
Luminous flame X l 
Reactions X l 
Precautions X ~ 
Carbon mon-
oxide ••••••• X X 2 
Danger from 
coal fire ••• X l 
Commercial water gas plant X . 1 
PUrifying X l 
Holders X 1 
Carburetted water gas X X :X: 3 
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Tot a~ 
Number 
?6. (Continued) 
Producer gas x x x x 4 
Acetylene again x x x x 4 
A gas that cuts Steel x 1 
Bottled gas x 1 
??. Flruaes: control and use 
What a flame is 
Parts of flruae 
What causes the flame to 
have color? •••••••••••••••• 
Vlhat a bunsen burner is 
Parts of the bunsen burner 
'iNire gauze vli th bunsen 
X X X 
X X X 
X 
X 
X 
X 
burner. • • • • • • • • • • • • • • • • • • • • x 
Construction of gas burners x 
Operating the gas burners x 
Flames from liquid x X 
Gas mantles · x 
Candle flame x 
?8. Chemistry of building materials 
Commonly used building mater-
ials •••••••••••••••••••••••••• 
Natural stone 
Lime, limewater and mortar 
Preparation of slru~ed 
lime .••••.....•.•...•••• 
A new way of preparing 
bases •••••••••••••••• 
Making limewater 
Testing for a Carbonate 
Lime 
Preparation of lime 
Modern kilns 
Storing lime 
Other uses of lime 
Mortar 
How mortar hardens 
Plaster 
Plaster of paris 
How it hardens 
Cement and concrete 
Manufacture of cement 
Setting of cement 
Uses of cement 
Cement from clay 
Clay has many uses 
X X X X 
X 
X 
X 
X X 
X X 
X X 
X 
:X: X X 
X 
X 
X 
X 
X :X: X 
X 
:X: :X: 
X X 
X 
X X X 
:X: X 
X X 
X 
X 
X 
3 
3 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
4 
1 
1 
1 
2 
2 
2 
1 
3 
1 
1 
1 
1 
3 
l 
2 
2 
1 
3 
2 
2 
1 
1 
1 
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78. ( Continued) · 
Glass, pottery and cement X 1 
Glass :X: :X: X 3 
The glass industry X 1 
Manufacture of 
glass •••••••••••••• :X: 1 
Three principle 
substances used X 1 
H~l shatterproof 
glass is made ••• X 1 
How color glass :X: :X: 2 
Progress with glass X 1 
Plate glass X 1 
Of i ncreasing import-
ance •••••••••••••••••• X 1 
History and uses of 
glass . ...............• X l 
Once a costly pro-
duct ••••••••••••••• :X: l 
Uses too numerous to 
· mention •••••••••••• X l 
Special glasses X X 2 
Fused quartz and 
quartz glass ••••••• X l 
Pottery, meaning X l 
Ceramics X 1 
Manufacture of pottery :X: 1 
Briclcs and tile X X 2 
White pottery :X: 1 
Insulating materials :X: l 
Improving wood as a structural 
material ••••••••••••••••••••••• X l 
Asbestos shingles and siding X 1 
vVhat improvements will house of 
tomorrow have? ••••••••••••••••• X 1 
79. Supplying pure water to the home X X X 3 
Requirements of the water :X: 1 
Methods of' purif'ication X X X 3 
Pure water in rural districts X l 
Hard water X X X X 4 
Nfaking artificial X 1 
Permanent hard water X X 2 
Causes X 1 
Behavior X 1 
Disadvantages X 1 
Boiler scale X l 
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?9. (Continued) 
Softening temporary hard 
v1ater ••••••••••••••••••••••• X X X 3 
Rain water for washing X 1 
so. Atmosphere X X X X 4 
The air we breathe in homes X 1 
Air is a mixture X X X 3 
Oxygen and air :X: 1 
Effect of Oxygen on 
life and health •••••••••• X X 2 
Boyle's experiment X X X X 4 
Scheele and the bees X 1 
Proof that air has Oxygen X 1 
Percent in air · X 1 
Composition of air X :X: X X 4 
Other constituents of air :X: 1 
Five rare elements in air X 1 
There are lzay ele-
ments in the air •••••• X 1 
Why is Argon important? :X: 1 
How Helium was dis-
covered ••••••••••••••• X 1 
Characteristics X 1 
How compared with 
Hydrogen ••••••••••• X 1 
How prepared X 1 
Are there other uses 
of Helium? ••••••••• X 1 
Uses of Neon X 1 
How air is liquified X 1 
The physiological effects of 
Carbon Dioxide •••••••••••••• :X: 1 
Black's experiment :X: 1 
Moisture in the air X X 2 
Relative humidity :X: 1 
Air conditioning :X: X X X 4 
Other impurities in the 
air ... ......... · • . • • · • • • • :X: ~ 
Dust X 1 
81. Chemicals for dirt and stains :X: :X: X X 4 
Household cleaning agents X :X: 2 
Water is the most important 
cleaning agent •••••••••••••• :X: 1 
How wash clothes in 
modern laundry? •••••••••• X 1 
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81. (Continued) 
~Nashing or wet cleaning X 1 
Other cleaning agents 
used at home •••••••••• X 1 
Household abrasives X 1 
Alkaline detergents X 1 
' Lye X 1 
Household ammonia X 1 
General rules for r~-
moving stains •••••••••••• X X 2 
Stain removal X X 2 
Solvent cleaners X X 2 
Volatile solvent~ X 1 
Non-volatile 
solvents •••••••• X 1 
Commercial dry 
cleaning at home X 1 
By adsorption X 1 
How remove metallic 
tarnishes? ••••••••• X 1 
By chemical 
reaction •••••••• :X: 1 
82. Chemistry in gardening and farming X X X 3 
Rock changes in soil X 1 
Physical condition of soil X 1 
Chemistry helps the farmer X X 2 
Chemical composition of soil X 1 
Soil analysis X 1 
Acidity and alkalinity 
of the soil ••••••••••• X 1 
Field experiments X 1 
Rotation of crops X 1 
Taking care of the soil X 1 
Balanced fertilizers X 1 
Manure X 1 
Natural plant foods X 1 
Elements needed for plant 
growth •• •••••••.•...•••.•.••• :X: 1 
Nitrogen X 1 
Phosphorus X 1 
Potash X 1 
The plant is a chemical factory :X: 1 
What a plant does with its 
products •••••••••••••••••••• X 1 
Chemistry and the balance of 
nature . ........................ X 1 
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Topics A B C D 
Book Total 
Number 
82. (Continued) 
Plants vvork day and night 
Air is a plant food x 
Interdependence of 
plants and animals ••• 
Why doesn't the 
Carbon Dioxide in-
crease and Oxygen 
decrease in the 
X 
X 
1 
1 
1 
air? ••••••••• ~ •• ~. x 1 
The Nitrogen cycle x 1 
Commercial products from plants x 1 
Cane sugar x x 2 
Maple sugar and other sugars x 1 
Sugar from beets x 1 
Vfua t are sugars? x x 2 
How refine sugars? x 1 
Prepared conwercial starch x x 2 
By-products x x 2 
New markets for farm products x 1 
.JUvvays dema nd for raw I 
ma-terials................ x 1 
Demand for new materials x 1 
Adsorption in plant growth x 1 
Plant poisons x x 2 
Plant enemies and their control x x 2 
Defining the problem x 1 
Search for perfect sprays x 1 
83. Protection against fire x x x x 4 
Principles involved in fire 
fighting••••••••••••••••••••••• X 1 
Extinguishing by removal of 
fuel. . . . . . . . . . . . . . . . . . • . . . . • x 
Extinguishing by removal of 
OXygen... • • • • • • • • • • • • • • • • • • • x 
Extinguishing by cooling x 
Extinguishing with a wet 
1 
1 
1 
blanket••••••••••••••••••••• x l 
Vfhat are fire extinguishers? x 1 
Double action fire extin-
guishers ••••••••••••••••• x 1 
Fireproofing x 1 
How to fireproof cloth x 1 
Substances that don't 
burn •..... .....•.•.•• •. 
Fire prevention 
X 
X 
1 
1 
68 
TABLE I (CONTilnJED) 
Topics Book Total A B c D Nwnber 
84. More organic chemistry X X X 3 
How are Oxygen, Hydrogen and 
Carbon combined in many or-
ganic compounds? •••••••••••••• X 1 
The alcohols X 1 
Ethyl alcohol X X 2 
Direct and indirect 
uses of Ethyl alcohol X 1 
Harn~ul as a drink X 1 
Kinds of alcoholic 
beverages ••••••••• X 1 
Use of yeast and 
sugars in manufacture 
of Ethyl alcohol X 1 
A deadly poisonous alcohol X X 2 
Denatured and rubbing 
alcohol ••••••••••••••••• X 1 
'IWo sources of Methyl 
alcohol •••••••••••••• X X 2 
Hydroxyl derivatives of 
hydrocarbons •••••••••••• X 1 
Alcohols versus inorganic 
bases ••••••••••••••••••• X 1 
Aldehydes X 1 
Acetone X 1 
Organic acids X 1 
An acid produced by ants X 1 
The first acid knovrn X 1 
Vinegar X 1 
Vinegars from pure grain 
alcohol ••••••••••••••••• X 1 
A table of fatty acids X 1 
The s.our taste of rhubard X 1 
The acid of lemons X 1 
Cream of tartar X 1 
A widely distributed acid X 1 
The acid of fatigue X 1 
Esters X X 2 
Synthetic esters X 1 
Fats and oils X 1 
Most explosive combustible 
compounds •••••••••••••••• X 1 
Ama tol and dynamite X 1 
The effect of ions X 1 
Esterification defined X 1 
Esters of inorganic acids X 1 
Metallic salts of organic 
acids •••••••••••••••••••• 
.~· 
X 1 
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. 
Topics Book Total A B c D Num.ber 
85. Chemistry of our bodies X X X 3 
Experiments to measure ox ida-
tion in anin~s ••••••••••••••• X X X X 4 
Respiration calorimeters X 1 
How a calorimeter works X 1 
Life processes X 1 
Glands X 1 
Chemical messengers X 1 
Some glands have multiple 
purposes ••••••••••••••••••• X 1 
Basal metabolism X 1 
Alkalinity of blood . :X: 1 
How 's your health? :X: 1 
What we 're made of X X X 3 
Chemical organization of 
the body ••••••••••••••••••• X X 2 
storage of fuel X 1 
Carbohydrates ' X 1 
Storage of ca rbohy-
drates ••••• •'• ••••• · ••• X :X: 2 
The most useful 
polysaccharide ••• :. X 1 
Proteins X 1 
Keratin X 1 
Bones and teeth X l. 
Blood types X l. 
86. Food and digestion X X X 3 
Foods X X 2 
What is a food? X 1 
Five classes of compounds 
in foods •••••••••••••••• X X 2 
Nutrients X l. 
Carbohydrates X :X: 2 
The sugars X X 2 
A sugar with three names X 1 
Sucrose I X l. Other sugars commonly used X 1 
Milk sugar :X: l. 
Malt sugar X l. 
Dextrin X l. 
What is a starch? :X: X 2 
H~l starch is used X 1 
Tests for carbohydrate 
nutrients ••••••••••••••• X 1 
Fats X X 2 
How fats are useful X 1 
?0 
TABLE I (CONTINUED) 
Topics Book A B C D 
Total 
Number 
86. (Cont1.nued) 
Fats are hydrogenated 
How fats and oils are 
X 
manufactured............. x 
Test for fat nutrients x 
Proteins x x 
Tests for proteins in 
food..................... x 
~Vhat are these minerals in 
food? ••••••••••••••••• ~ ••••• x x 
Have you had your iron 
1 
1 
1 
1 
1 
2 
today?••••••••••••••••••• x 1 
Uses x 1 
Vlhat is a balanced diet? x 1 
Food requirements other 
than calories............ x 1 
Calories x 1 
Three meals a day x 1 
Menus x 1 
Food for the family x 1 
What experiments with rats 
revealed about food...... x 1 
Vitamins X X X X 4 
Vitamin A disease re-
sistance •••••••••••••• 
Vitarlln B prevents 
nervous disorders ••••• 
Vitamin C prevents 
scurvy •••••••••••••••• 
Vitamin D prevents 
rickets ••••• ~ ••••••••• 
Vitamin E prevents 
sterility ••••••••••••• 
Vitamin G prevents 
pellegra •••••••••••••• 
Is water a food? 
Why milk is almost perfect 
food ••••••••••••••••••••• 
Why raw mille harmf'ul? 
How milk is rendered 
X 
X 
X 
X 
X 
X 
X 
X 
X 
safe to use........... x 
How milk is sold x 
Food products made from 
milk • • • • •• • • • •. • • • • • • • X 
Digestion x 
It is related chemically to food 
Enzymes and digestion 
X 
X 
X 
1 
1 
1 
1 
1 
1 
1 
1 
l. 
1 
1 
1 . 
2 
1 
1 
?1 
TABLE I ( CONTil\TUED) 
Topics Book A B C D 
Total 
Number 
86. (Continued) 
A story of the enzymes 
Soap made in the intes-
tines •••.••••••.••••••••• 
Digested in mouth and 
small intestines ••••••••• 
87. Food: Cooking and preservation x 
The chemistry of cooking x 
Coal stoves 
Gas stoves 
Comparison of cooking 
methods •••••••••••••••••••• x 
Choice of cooking utensils x 
Effects of cooking on food x 
Purposes of cooking 
False waste products of 
cooking •••••••••••••••••••• x 
Reactions in food while 
cooking •••••••••••••••••••• x 
Effect of cooking on vita-
. ~ns ••••••••• •............. x 
Condiments x 
Tea and coffee, cocoa, bev-
X 
:X: 
X 
X X 
X 
X 
X 
X X 
X 
X 
X 
1 
1 
1 
3 
2 
1 
1 
3 
2 
2 
1 
l 
l 
1 
1 
erages ••••••••••••••••••••• - x x 2 
Pectin x l 
Leavening agents x 1 
1\rlaking dougb. x 1 
Baking powders x x x 3 
Buying baking powders x 1 
Testing baking powder x 1 
vVhat is bread? X 1 
How is bread leavened x 1 
Why is bread leavened? x 1 
~~Y does yeast leaven 
bread? ••••••••••••••• 
Vlliy does sour milk 
leaven bread?~·····•• 
Carbon Dioxide is useful in 
the kitchen •••••••••••••••• 
Preservation of foods 
Refrigeration 
Iceless 
Ice 
Preserving food for long 
period of time •••••••••• 
Canned foods 
X 
X 
X 
X X 
X 
X 
X 
X 
X 
1 
1 
1 
2 
1 
1 
1 
1 
1 
?2 
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Topic s Book Total A B c D Number 
87 . (Continued) 
Adulterants and ·chemical 
preservatives •• • ••••••••• X 1 
Artificial color in 
foods ••••• • •• • •••••••• X 1 
Bleaching fruits 
with Sulfur Dioxide X J.. 
88. Chemistry and medicine X X X X 4 
Germicides X 1 
Disinfectants X X 2 
How can growth of germs 
be checked? ••••••• •• ••• • X 1 
Disinfectants X 1 
Antiseptics X 1 
Common disinfectants and 
antiseptics •••• •• •••• •• • X 1 
Chloride of lime X 1 
Newer disinfectants X 1 
Care in trea tment of open 
VlOUnds • • • • • • • • • • • • • • • • • • X 1 
General caution in usin~ 
disinfectant ••••••• • •• •• X 1 
Outstanding scientists in war 
on disease •••• • ••••••••••••• •• X 1 
Progress in field of surgery X 1 
Science lessens horror s 
of operation •••• • •••• •• • X 1 
Progress in control and 
prevention of disease •• • ••• X X 2 
What causes disease? X 1 
When body mechanism i~ 
out of order ••••••••• X 1 
Germ diseases X X 2 
Infections X 1 
How body fights X 1 
Heal t hful surroundings X 1 
Other ways of protec-
tion ... ..... . . . .....• X l 
Chemotherapy X l 
Specifics X X 2 
Sulfa drugs X 1 
Penicillin and 
streptomycin ••• • • • X 1 
Home medical treat-
ment •• •••••••••••• X 1 
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88. (Continued) 
Cathartics and . 
purgatives •••••• X X X 3 
Antacids for the 
stomach ••••••••• X 1 
Headache reme-
dies •••••••••••• X X 2 
Bitters, tonics, 
blood purifiers X X 2 
Cold remedies X 1 
Patent medicines X X 2 
.A:re they desir":" 
able? ••••••••••• X 1 
Progress in industry and med· 
ical science •••••••••••••••• X 1 
What are drugs made from? X 1 
Drugs from plants X 1 
Alkaloids X 1 
Drugs from animals X l 
Hormones X 1 
Antitoxin X 1 
Uses of vaccina-
tion •••••••••••• X l 
Metallic mineral drugs . X 1 
Synthetic drugs :X: 1 
Synthetic exciters X 1 
From coal tar X 1 
More discoveried needed X 1 
Some cures are fakes X 1 
Food and drug law X X 2 
Testimonials often mis· 
leading or false •••••• X 1 
Avoid obesity X 1 
General conclusions 
about fake remedies ••• X 1 
What to do if poison is 
swallowed •••••••••••••••• :X: 1 
Insecticides :X: l 
Sodium Fluoride X l 
Pyrethrum X 1 
Carbon Disulfide X 1 
Moth preventatives :X: 1 
'!faste disposal :X: 1 
Problems of waste X 1 
Sewers 
-
X 1 
Cesspools X 1 
Garbage X 1 
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88. {Continued) 
Disposal by communities X 1 
Other waste problems X 1 
Smoke X 1 
89. Soaps and cosmetics X X X X 4 
Soap X X 2 ji,IJanufacture of soap X X X X 4 
Co1rrmercial soap factories X 1 
Salting out X 1 
The Twitchell process X 1 
Fats from many sources X 1 
How grandfather made soap X 1 
The first soap factories X 1 
What fillers do for soap X 1 
Why soap cleans X X X < 3 
Determination of a good soap X 1 
Varieties of soap X X 2 
Rosin, Sodium Silicate and 
sulfonated oils ••••••••••••• X 1 
Soapless soaps X 1 
Soap powders X 1 
Caustic detergents X X 2 
Cosmetics X X 2 
They are not foods X X 2 
Shave creams X 1 
No lather shave creams X 1 
Talc powders and face powder ~ 
. . . . . . . . . . . . . . . . . . . . . . . . ~ . . . X X X 3 
Creams X X X 3 
Nail polishes X X X 3 
Lipsticks and rouges X X X 3 
Skin lotions X 1 
Astringents and deodorant ~ 
• • • • • • • • • • • • • • • • • • • • • • • • • X X X 3 
After shave lotions X 1 
Tooth pastes, powders and 
liquids ••••••••••••••••••••• X X 2 
Hair dyes and bleaches X X 2 
Hair tonics X X 2 
Depilatories X X 2 
Blemish removers :X: X 1 
90. Coal tar is highly valued X 1 
Coal tar dyes X 1 
A rapid advance X 1 
The basis materials for most 
dyes :X: 1 
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90. (Continued) 
Bacl~lards to coal tar X 1 
Summarizing the steps X 1 
Seven constituents of coal tar X 1 
Saving valuable by-products X 1 
Medicine and . flavorings from 
coal tar ••••••••••••••••••••••• X 1 
Salvarson X 1 
Salicylic acid X 1 
Local anesthetics X 1 
Acetanilide X 1 
Coal tar antiseptics X 1 
Dyes, preservatives and fla-
vors •••••••••••••••••••••••• X 1 
Other coal tar products X l 
Perfumes X 1 
Explosives X 1 
Bakelite X X 2 
Developers in photography X 1 ' 
91. Cellulose and paper X X 2 
Cellulose; basis of paper X 1 
Impurities of cellulose X 1 
W~nufacture of paper X X X X 4 
By hand X 1 
Kinds of paper X X 2 
From Southern pine X 1 
Parchment paper X 1 
Cellophane X 1 
Vulcanized fibers · X 1 
92. Chemical nature of synthetic 
plastics •••••••••••••••••••••••••• X 1 
Celluloid the first plastic X 1 
Pyroxilin leather substitutes X 1 
Cellulose acetate plastics X 1 
Bakelite X X 2 
Other synthetic resin plas-
tics X ~ 
Nitrogenous plastics X l 
Silicon resins X 1 
93. Modern fibers and textiles X X X 3 
Natural cellulose fibers X l 
source X 1 
Facts X 1 
Composition X l 
93. 
TABLE I (CONTINUED) 
Book Topics A B C D 
(Continued) 
Plant . 
How treated for use 
Cotton 
Mercerized cotton 
Tests 
X 
X X 
X X 
X X 
X 
Linen x 
Test x 
Animal type (nitrogenous fibers)x x 
How is wool prepared for use x 
Various kinds of silk x 
Once worth its weight in 
gold x 
How prepared for use x 
Behavior with dilute acids 
Consequences 
Effects of alkalies 
Testing cotton wool mixtures 
Rayon x x 
Methods of manufacture x 
Structure x 
Acetate rayons x x 
Synthetic (nylon) x x 
Casein fibers x x 
Other synthetic fibers x 
Textiles manufacture 
Federal law regulating manu-
facture ••••••• ~ ••••••••••••• X 
X 
X 
X 
X 
Some simple laboratory tests 
for textiles •••••••••••••••• 
Some simple tests for tex-
X :X: 
tiles . ..................... . 
Compare textile fibers as 
to uses for special purposes 
Additional cellulose products 
Progress in making cloth and 
leather.~ •••••••••••••••••••••• 
Wool cloth 
Carding 
Vleaving 
Knitting 
The cotton industry 
Bleaching 
Mixed goods the buyers risk 
The silk industry 
Weighted silk 
Artificial versus imitation 
silk .. ....•.......•........• 
X 
X 
X 
X 
:X: 
:X: 
X 
:X: 
:X: 
:X: 
:X: 
:X: 
X 
:X: 
X 
:X: 
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Total 
Number 
1 
2 
2 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
2 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
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X 1 
93. (Continued} 
Substitutes for leather 
94. Chemistry matches the colors of 
the rainbow ••••••••••••••••••••••• x x x x 4 
Dyes and dyeing x 1 
What are dyes? x x 2 
~ t is a color? x 1 
A remarkable accidental dis-
co very ••••••••••••••• ·• • • • • • • x 1 
Dyes contrasted vrlth pig-
ments ••••••••••••••••••••••• x 1 
Why dyes have colors x 1 
Types of dyes x 1 
Sources x 1 
Animal X 1 
Plant 
Iv.dneral x 1 
Artificial x 1 
How classified x 1 
Silk and wool x 1 
Cotton x 1 
Mordant x x 2 
Vat X 1 
Azo x 1 
Qualities desirable in a 
dye •• ~ ••••••••••••••••••• x 1 
What preliminary treat-
ment before dyeing?...... x x 2 
What is bleeding in dye-
ing? ••••••••••••••••••••• X X X 3 
How dyes are sold x x 2 
Experiments with controll-
ed conditions, the single 
variable................. x 1 
Generalization. The 
scientific method, else-
where.................... x 1 
Mordants in the dye in-
dustry ••••••••••••••••••• 
Theory of dyeing 
Why mordants make e 
dye fast ••••••••••• 
Lakes, chemically 
Inks, fluids for writing 
and printing ••••••••••••• 
Printers ink 
X 
X 
X 
X X 
X X 
X 
1 
1 
1 
2 
2 
1 
?8 
TABLE I ( CONTINUED) 
Topics Boo1c Total A B c D Number 
94. (Continued) 
Certain special inks X l 
Home dyeing X X 2 
Other use of dyes X l 
95. Rubber, natural and synthetic X X 2 
Chemical composition of rubber X l 
Natural rubber X X X 3 
Derived from latex X l 
Uses X l 
Faults X l 
Progress with rubber X l 
Vulcanizing X l 
What vulcanizing does X l 
Early efforts to synthesize X l 
Neoprene X l 
The search for new sources 
of supply ••••••••••••••••••• X l 
Synthetic rubber X X 2 
Chemists make rubber from 
limestone and coal •••••••••• X l 
Compounding of rubber X l 
Uses of rubber X l 
96. Paints, varnishes and lacquers X X X 3 
Paints X X X 3 
Pigments X l 
The opaque pigment X l 
The filler or reinforcing 
pigments ••••••••••••••••• X l 
White lead X X 2 
Some colored X X 2 
Vehicles X X 2 
Driers X X 2 
Aluminum paints X l 
Paint removers X l 
Water paints X l 
Varnishes and lacquers X l 
Varnishes X X 2 
Varnish and other surface 
protectors ••••••••••••••• X l 
Advantages of lacquers X l 
97. Chemistry of lubricants X l 
Viscosity , of lubricants X X 2 
Selection of lubricating oils X X 2 
Clarifying oil X l 
TABLE I (CONTINUED) 
Book Topics A B C D 
97. (Continued) 
Chemical qualifications of 
lubrication •••••••••••••••••••• x 
Hydrogenation of lubricating 
oils •.......................... x 
Bearings that need no oil x 
Greases x 
98. Industrial abrasives X 
Scale of hardness to rate 
abrasives •••••••••••••••••••••• x 
Carbide abrasives x 
Silicon carbide, grinding 
material •••••••••••••••••••• 
Manufacture of silicon 
compounds •••••••••••••••• 
Oxide abrasives x 
Aluminum oxide abrasive x 
99. Dawn of chemistry 
Earliest chemistry 
Theories of Greek philoso-
X 
X 
phers ••••••••••••••••••••••• x 
In Far East x 
lOO.The age of alchemy 
success born of failure 
Rise of Iatrochemistry 
Development in chemical 
X 
X 
X 
theory. • • • • • • • • • • • • • • • • • • • • • x 
lOl.Explanation of combustion x 
Phlogiston theory x 
Priestly and his work x 
Discovery of Oxygen x 
The effect on mice and men x 
Following wrong theory x 
Lavoisier x 
Lavoisier's methods x 
Lavoisier's experiments x 
Priestly's ne·w gas part of 
air.. . . . . . . . . . . . . . . . . . . . . . . . x 
Conservation of matter X 
102.Chemistry in the Nineteenth Cen-
tury. . • . . . . . . . . . . . . . . . . . . . . • . . . . • • x 
Sir Humphrey Davy x 
X X 
X 
X 
X 
X X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
79 
Total 
Number 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
2 
1 
1 
1 
4 
2 
2 
2 
4 
1 
2 
l. 
4 
4 
4 
1 
1 
.. 
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TABLE I (CONCLUDED) 
Topics Book Total A B c D 
l02.(Continued) 
Berzelius and his symbols :X: :X: :X: 
Chemistry in Germany X 
Chemistry in France :X: 
Chemistry in other countries X 
Chemistry in United States :X: 
l03.Cherrlstry in the Twentieth Cen-
tury . •........••.........•....••• :X: 
Advances in chemical theory :X: 
Extension of applied cherrlstry :X: 
Improvement in analytical 
chemistry ••••••••••••••••••••• 
Rise of synthetic cherrlstry 
Growth of chemical industry 
104.Chertistry of the future 
Chemistry and conservation 
Atomic energy as source of 
power .•••.• .•..••.•...•.•.•••• 
Effect of X-ray on atom 
Future of chew~cal products 
Future of organic chemistry 
Need for chemically trained 
young people •••••••••••••••••• 
Total fre quency of occurrence of 
topics in each book 
Total frequency of occurrence of 
topics in all four books 
X 
X 
X 
X 
X 
X 
X 
:X: 
X 
X 
740 381 482 883 
Number 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2486 
Findings. A total of 1?93 separate subject-matter 
topics were found in the four textbooks. Of these , only 
104 were major topics; the remaining 1689 were minor 
topics subordinate to the 104 major topics. Thi'rty-two 
of the 104 major topics were found in each of t he 4 text-
books analyzed; 35 in only 3 of the book.s; 23 in only 2; 
and the remaining 14 topics in only 1 book. If these 14 
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topics be disregarded, 6?, or ?4.4, percent,of the remain-
ing 90 major topics were found in 3 or more of the text-
books. 
The total frequency of occurrence of topics 
in any one book varied from 381 to 883. The total fre-
quency of occurrence of topics in all 4 books was 2486, 
an average of 621.5 topics per book. 
CHAPTER III 
ASSIGNMEN T OF THE MAJOR TOPICS TO PRINCJPLES 
Statement of the Problem 
The purpose of this part of the investigation is to 
assign to principles of physical science thosetopics, 
from the composite topical outline, which a s t udy of 
might reasonably be expected to contribute to the devel-
opment of an understa.nding of the principles. 
Techniques Employed 
Each of the 104 major topics, found in the composite 
topical outline, was examined carefully for possible 
assignment . to principles of physical science. Whenever 
in the opinion of the investigator, a study of a topic 
might reasonably be expecte~ to contribute to the devel-
opment of an understanding of one or more principles in 
Wise's list of 272 principles of physical science, the 
topic was assigned to the principle. 
The sta tement of the principle was pla.ced on a sheet 
of pap er and all the assigned topics were listed below 
the principle. The completed list was submitted, along 
with the composite topical outline, to the same subject-
matter specialist who had previously checked the compos-
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ite topical outline. Whenever an assignment was question-
ed by him, the investiga tor attempted to explain the 
reason for the assignment. In any a.nd all cases in which 
the specialist was not satisfied with the basis for a 
particular assignment, the topic was not assigned to that 
principle in the final table. Thus, all remaining assign-
ments of topics to principles were deemed to be validll 
assigned. 
An "index of reliability" was determined for the 
assignment of major topics to principles. Two assignments 
of fifty major topics selected at random were made five 
months apart to Wise's list of 272 principles. The follow-
ing formula. was used to determine an 11 index of reliabili ty 11 
for the assignment of topics to principles: the sum of the 
number of assignments common to two lists secured by twice 
a.ssigning the same topics to the same list of principles 
(300), plus the number of assignments made the first time 
but not the second time (15), plus the number of assign-
ments made the second time but not the first (8), was 
divided into the number -of assignments common to both 
attempts (300). The resultant 11 index of reliability" was 
0.93. 
Table II, which follows, presents a list of 120 
principles of physical science, each of which is followed 
by the topics defensibly assigned to it. A limited 
attempt was made to group related principles. 
TABLE II 
ASSIGNIIffiNTS OF THE Iv~JOR TOPICS FOUJ:ID IN FOUR 
HIGH-SCHOOL TEXTBOOKS OF CHE:NIISTRY TO ONE 
HUNDRED ~VENTY PRINCIPLES OF PHYSICAL SCIENCE 
Principles and I~jor Topics 
PRI NCIPLE 
1. Every pure sample of any substance, whether simple or 
compoundt under the same conditions will show the same 
physical properties and the same chemical behavior. 
MAJOR TOPICS 
*Materials of the world 
The chemist tests and analyzes 
Physical properties of vreter 
How we get pure Oxygen 
Oxygen:properties and uses 
Hydrogen the element 
Carbon in nature 
Attractive powers of Carbon 
Sulfur 
Hydrogen Sulfide 
Sulfur Dioxide and Sulfurous acid 
Sulfuric acid 
The Halogens 
Binary halogen acids 
Corr~arison of halogens 
Nitric acid and some oxides of Nitrogen 
The light metals 
Iron and Steel 
Extraction and use of Copper 
Chief properties and uses of Tin and Lead 
Silver and Mercury 
Other common metals 
Gold and Platinum 
Petroleum and liquid ruels 
Atmosphere 
*Table II is read thus: A discussion of any or the 
Ivia jor Topics such as ":WJaterials or the world" can reason-
ably be expected to be contributory to the development of 
an understanding of the principle, "Every pure sample of 
any substance, •••••••••••••••••••• behavior." 
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TABLE II (CONTINUED) 
Principles and Major Topics 
Soaps and cosmetics 
The chemical use of light 
Chemical nature of synthetic plastics 
It:odern fibers and tex tiles 
Industrial abrasives 
PRI NCIPLE 
2. All substances are made up of small particles called 
molecules, vvhich are alike in the same substance (except 
for variations in molecular weight due to isotopes), but 
different in different substances. 
M.ltJOR TOPICS 
Materials of the world 
Chemical facts about water 
Writing chemical formulas 
Chemicals and electricity 
Comparison of halogens 
Extraction and use of Copper 
Chief properties and uses of Tin and Lead 
Silver and Mercury 
Other common metals 
Gold and Platinum 
Chemistry of lubricants 
PRINCIPLE 
3. All matter is composed of single elements or combina-
tions of several elements and can be analyzed by chemical 
processes and divided into those constituents. 
1'fJ\.JOR TOPICS 
~L:aterials of the world 
The cherrdst tests and analyzes 
Chemical f'acts about water 
Oxygen: properties and uses 
Hydrogen the element 
Solid fuels 
Writing chemical formulas 
Practical uses of acids, bases and salts 
Iodine 
Comparison of halogens 
Nitric acid and oxides of Nitrogen 
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TABLE II (CONTINUED) 
Principles and I®a jor Topics 
Alloys in modern life 
Extraction and use of Copper 
Chief properties and uses of Tin and Lead 
Silver and Mercury 
Other common metals 
Gold and Platinum 
Petroleum and liquid fuels 
Atmosphere 
Modern fibers and textiles 
Chemistry of lubricants 
PRINCIPLE 
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4. Elements are made up of small particles of matter called 
atoms, which are alike in t he same element (except for 
occasional differences in atomic weights; i. e., isotopes) 
but different in different elements. 
MAJOR TOPICS 
1~terials of the world 
Chertical facts about water 
Carbon in nature 
What a toms are made of 
Weighing the invisible 
Sulfur 
Chlorine 
Bromine 
Iodine 
Elements from bones 
Other elements of the Nitrogen group 
Finding and selecting the right material 
The light metals 
Extraction and use of Copper 
Chief properties and uses of Tin and Lead 
Other common metals 
Gold and Platinum 
The chemical use of light 
Dawn of chemistry 
The age of alchemy 
Chemistry in the Nineteenth Century 
8? 
TABLE II ( CONTil\WED) 
Principles and Major Topics 
PRINCIPLE 
5. Atoms of all elements are mac"~:e up of protons, neutrons, 
and electrons, and differences between atoms of different 
elements are due to the number of protons and neutrons in 
the nucleus and to the configuration of electrons surround-
ing the nucleus. 
MAJOR TOPICS 
What atoms are made of 
Classifying the elements for study 
Finding and selecting the right material 
The light metals 
Dawn of chemistry 
Chemistry in the Nineteenth Century 
PRINCIPLE 
6-. Most a toms have the properties of losing, gaining or 
sharing a number of outer shell electrons. 
MAJOR TOPICS 
Vfhy atoms combine 
How elements combine to form different substances 
The halogens 
Finding and selecting the right material 
Metals and where we get them 
Chemistry in the Twentieth Century 
PRINCIPLE 
7. The energy shown by atoms in completing their outer 
shell by adding, losing or sharing electrons determines 
their chemical activity. 
a. The valence of an atom is determined by the number or 
electrons it gains, loses or shares in chemical reactions. 
*1'lAJOR TOPICS 
Vlha t a toms are made of 
*Those topics assigned to principle number 
sidered to be assigned to principle number 
also con-
TABLE II (CONTllnJ.ED) 
Principles and Major Topics 
How elements combine to form different substances 
Why atoms combine 
How we write chemical equations 
Chemicals and electricity 
The halogens 
Nitrogen and its uses 
Other elements of the Nitrogen group 
Finding and selecting the right material 
Chemistry in the Nineteenth Century 
Chemistry in the ~ventieth Century 
PRI NCIPLE 
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9. The electrons within an atom for.m shells about t he 
nucleus, each of which contains a definite nmaber of elec-
trons. 
:W.!.AJOR TOPICS 
What atoms are made of 
Classifying the elements for study 
The halogens 
Nitrogen and its uses 
Finding and selecting the right material 
Chemistry in the Twentieth Century 
PRllJCIPLE 
10. The distances of successive electron shells from the 
nucleus of an atom and from each other are much greater 
than the dimensions of the nucleus itself. 
MAJOR TOPIC 
What atoms are made of 
PRINCIPLE 
11. Protons and neutrons only are found in the nucleus of 
an atom. 
MAJOR TOPIC 
What atoms are made of 
TABLE II (CONTINUED) 
Principles and Ivajor Topics 
PRI NCIPLE 
12. All matter is made up of protons, neutrone and elec-
trons. 
JYIAJOR TOPICS 
What atoms are made of 
Why atoms combine 
Dawn of chemistry 
P~D'JCIPLE 
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13. The mass of an atom is concentrated almost entirely in 
the nucleus. 
WJAJ OR TOPICS 
Vlha t a toms are made of 
Weighing the invisible 
PRINCIPLE 
14. The atoms of all radioactive elements are constantly 
disintegrating by giving off various rays (Alpha, Beta and 
Garmna) and forming Helium and other elements. 
MAJOR TOPICS 
Radium has throvm new light on the nature of things 
Chemistry in the Nineteenth Century 
PRINCIPLE 
15. Every cherncal element when heated to incandescence in 
a gaseous state has a characteristic glow and characteris-
tic spectrum which can be used to identify very small Quan-
tities of the element and ·which is related to the molecular 
and atomic structure of the gas. 
NIAJOR TOPICS 
The che~~st tests and analyzes 
Sulfur 
Chlorine 
Bromine 
TABLE II ( C ON'ril\11J.ED) 
Principles and Niajor Topics 
Iodine 
The light metals 
Extraction and use of Copper 
Chief properties and uses of Tin and Lead 
Silver and Mercury 
Other common metals 
Gold and Platinum 
Flames: control and use 
Explanation of combustion 
Chemistry in the Nineteenth Century 
Chemistry in the Twentieth Century 
PRI NCIPLE 
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16. A few elements are inert or chemically inactive because 
their atoms are so constructed as to be complete in t hem-
selves; i. e., their outer electron rings have no tendency 
to gain or lose electrons. 
N.tAJOR TOPICS 
Nhat atoms are made of 
Classifying the elements for study 
How elements combine to form different substances 
Writing chemical formulas 
Nitrogen and its uses 
Finding and selecting the right material 
Fighting corrosion 
Atmosphere 
Explanation of combustion 
PRINCIPLE 
17. The properties of the elements show periodic varia-
tions with their atomic numbers. 
MA.TOR TOPICS 
Classifying the elements for study 
Finding and selecting the right material 
The light metals 
The halogens 
Chemical nature of synthetic plastics 
Chemistry in the Nineteenth Century 
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TABLE II (CONTINUED) 
Principles and Major Topics 
PRINCIPLE 
18. Each element has its mvn characteristic X-ray ~ectrum. 
1i.4..JOR TOPICS 
Classifying the elements for study 
Finding and selecting the right material 
What atoms are made of 
PRINCIPLE 
19. Some elements have more than one atomic weight due to 
differences in the neutron of their nuclei. 
MAJOR TOPICS 
What atoms are made of 
Wei~ing the invisible 
Chemistry of the future 
PRINCIPI.Ji: 
20. Elements ~Y be changed into other elements. 
MAJOR TOPICS 
Radium has thrown new light on the nature of things 
The age of alchemy 
Explanation of combustion 
Chemistry of the future 
PRINCIPLE 
21. In any and every sample of a compound {anyt formed, 
the proportion by weight of the constituent elements is 
always the same as long as the isotopic composition of 
each element is the same. 
:MAJOR TOPICS 
Materials of the world 
A world of change 
Writing chemical formulas 
How we write chemical equations 
Weighing the invisible 
Knowledge of atomic weights aids chemists 
TABLE II ( C01"TThTUED) 
Principles and N~jor Topics 
Hydrogen Sulfide 
The halogens 
Alloys in modern life 
Petroleum and natural gas 
PRINCIPLE 
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22. The gravimetric composition of a compound may be found 
by multiplying the atomic weights of the elements by their 
subscripts in the formula of the compound. 
MAJOR TOPICS 
Hydrogen the element 
Writing chemical formulas 
How we write chemical equations 
The light metals 
Some principles of organic chemistry 
Chemistry of building materials 
PRINCIPLE 
23. When different amounts of one element are found in com-
bination with a fixed weight of another element (in a 
series of compounds) the different weights of the first 
element are related to each other by ratios which raay be 
expressed by sw~ll whole numbers. 
MAJOR TOPICS 
The chemist builds and synthesizes 
Carbon in nature 
Writing chemical formulas 
Sulfuric acid 
Nitric acid and oxides of Nitrogen 
More organic chemistry 
Petroleurn and liquid fuels 
Petroleum and natural gas 
More organic chemistry 
Coal tar is highly valued 
Cellulose and paper 
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TABLE II (CONTINUED} 
Principles and Major Topics 
PRINCIPLE 
24. Metals may be arranged in an activity series according 
to their tendency to pass into ionic form by losing elec-
trons. 
25. Non-metals may be arranged in an activity series 
according to their tendency to pass into ionic form by 
gaining electrons. 
*MAJOR TOPICS 
Classifying the elements for study 
How elements comb.ine to form different substances 
Chemicals and electricity 
The halogens 
Chlorine 
Bromine 
Iodine 
Hydrogen the element 
Finding and selecting the right material 
Metals and where we get them 
Extracting metals from ores 
The light metals 
Iron and Steel 
Extraction and use of Copper 
Chief properties and uses of - Tin and Lead 
Silver and Mercury 
Other common metals 
Gold and Platinum 
Fighting corrosion 
PRINCIPLE 
26. Non-metals comprise a group of elements whose atoms 
tend to gain or share electrons and whose compounds when 
dissolved in polar solvents are capable of forming nega-
tive ions. 
27. Metals comprise a group of elements (other than 
hydrogen) whose atoms have a tendency to lose electrons 
readily and whose compounds when dissolved in polar sol-
vents are capable of forming positive ions. 
*Those topics assigned to principle number a e also 
considered to be assigned to principle number- 25. 
TABLE II (CONTINUED) 
Principles and WJB.j or Topics 
*MAJOR TOPICS 
Classifying the elements for study 
Why atoms combine 
How elements combine to form different substances 
Ionization · 
Acids and bases 
Salts 
Chemicals and electricity 
The cherdcal use of light 
Metals and where we get them 
PRI NCIPLE 
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28. The materials forming one or more substances, without 
ceasing to exist may be changed into one or more new and 
measurably different substances. 
lJf..AJOR TOPICS 
Materials of the world 
A world of change 
The chemist builds and synthesizes 
How we get pure Oxygen 
Oxygen: properties and uses 
Oxides of Carbon 
How we write chemical equations 
Knowledge of atomic weights aids chemists 
Sulfur Dioxide and Sulfurous acid 
Binary halogen acids 
Sulfuric acid 
Explosives 
Chemistry of building materials 
Chemical nature of synthetic plastics 
Industrial abrasives 
P RINCIPLE 
29. A pure chemical substance may be prepared from raw 
materials through utilization of their physical and 
chemical properties. 
:MAJOR TOPICS 
The chemist builds and synthesizes 
*Those topics assigned to principle number~~ also 
considered to be assigned to principle number 2?. 
TABLE II (CONTII~D) 
Principles and Major Topics 
Chemical facts about water 
How we get pure Oxygen 
Oxygen: properties and uses 
Hydrogen the element 
Carbon in nature 
How coal was formed 
More amorphous carbon 
Oxides of Carbon 
Writing chemical formulas 
How we write chemical equations 
Knowledge of atomic ·weights aids chemists 
Acids and bases 
Hydrogen Sulfide _ 
Sulfur Dioxide and Sulfurous acid 
Sulfuric acid 
The halogens 
Industrial abrasives 
Chlorine 
Bromine 
Iodine 
Binary halogen acids 
Nitrogen and its uses 
Ammonia and what we do with it 
Nitric acid and oxides of Nitrogen 
Explosives 
Elements from bones 
Other elements of the Nitrogen group 
Finding and selecting the right material 
Catalysts and their work 
Extracting metals from ores 
Iron and Steel 
Fuel gases 
Supplying pure water to the home 
Food and digestion 
Chemistry in the T"flentieth Century 
PRINCIPLE 
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30. Elements and compounds to which the cells of living 
organisms react specifically, produce physiological effects. 
MA.JOR TOPICS 
Occurrence of water in nature 
Oxygen: properties and uses -
TABLE II (CONTINUED} 
Principles and W~jor Topics 
Oxides of Carbon 
Acids and bases 
Salts 
Hydrogen Sulfide 
Sulfur Dioxide and Sulfurous acid 
Sulfuric acid 
Chlorine 
Bromine 
Iodine 
Binary halogen acids 
Nitrogen and its uses 
.Ammonia and what we do with it 
Nitric acid and oxides of Nitrogen 
Elements from bones 
Other elements of the Nitrogen group 
Fuel gases 
Atmosphere 
Cherrdstry of our bodies 
Chemistry in gardening and farming 
Food and digestion 
Chemistry and medicine 
Coal tar is highly valued 
Cellulose and paper 
The age of alchemy 
Explanation of combustion 
Chemistry in the Nineteenth Century 
PRINCIPLE 
31. The total mass of a quantity of matter is not altered 
by any chemical changes occurring among the materials 
composing it. 
MAJOR TOPICS 
Materials of the world 
A world of change 
How we get pure Oxygen 
How we write chemical equations 
Weighing the invisible 
Acids and bases 
Explosives 
Alloys in modern life 
Food: Cooking and preservation 
Explanation of combustion 
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TABLE II ( CONTTIIDED) 
Principles and ~ajor Topics 
PRINCIPLE 
32. The speed of chemical reaction is increased by increas-
ing the concentration of any of the reactants; and is de-
creased by decreasing the concentration of any of the 
reactants. 
MAJOR TOPICS 
The importance of water as a solvent 
Oxygen the problem child 
Catalysts and their work 
Finding and selecting the right material 
Chemistry of lubricants 
Chemistry in the Nineteenth Century 
Chemistry in the Twentieth Century 
PRINCIPLE 
33. All chemical reactions which start with the same quan-
tities of original substances liberate or take on the same 
amounts of energy in reaching a given final state, irres-
pective of the process by which the final state is reached. 
MAJOR TOPICS 
Chemicals as a source of energy 
Oxygen the problem child 
Solid fuels 
Chemicals and electricity 
Explosives 
Catalysts and their work 
Refining and using petroleum 
Fuel gases 
Flames: control and use 
PRINCIPLE 
34. No chemical change occurs without an accompanying energy 
change. 
MAJOR TOPICS 
A world of change 
Chemicals as source of ene~gy 
Oxygen: properties and uses 
TABLE II {CONTINUED} 
Principles an~ N~jor Topics 
Oxygen the problem child 
Solid fuels 
Chemicals and electricity 
Chlorine 
Explosives 
Temperature and chemical reactions 
Fuel gases 
Flames: control and use 
Chemistry of building materials 
Protection against fire 
Chemistry of our bodies 
PRINCIPLE 
98· 
35. Reactions occurring at ordinary temperatures are pre-
dominately exothermic. 
MAJOR TOPICS 
Solid fuels 
Chlorine 
Explosives 
Temperature and chemical reactions 
Cherdstry of building materials 
PRI NCIPLE 
36. When a chemical change takes place without the addi-
tion of heat from an external source, that substance which 
has the greatest heat of formation will tend to form. 
MAJOR TOPICS 
Oxides of Carbon 
Explosives 
Ternroerature and chemical reactions 
Equilibrium and reactions going to completion 
Food: Cooking and preservation 
PRINCIPLE 
37. The rates of many reactions are affected by the pre-
sence of substances which do not enter into the completed 
cherdcal reaction. 
TABLE II {CONTIIfUED) 
Principles and Major Topics 
1MJOR TOPICS 
The chernist builds and synthesizes 
How we get pure Oxygen 
The importance of water as a solvent 
Oxygen the problem child 
Hydrogen the element 
Attractive powers of Carbon 
Sulfuric acid 
Nitrogen and its uses 
Temperature and chemical reactions 
Catalysts and their work 
Refining and using petroleum 
More organic chemistry 
Food and digestion 
Coal tar is highly valued 
Chemistry matches the colors of the rainbow 
Rubber, natural and synthetic 
Paints, varnishes and lacquers 
Chemistry in the Twentieth Century 
PRI NCIPLE 
38. Surface reactions predominate in all non-homogenou s 
r eactions. 
JI.Jl-1.JOR TOPICS 
Oxygen the problem child 
Finding and selecting the right material 
Contact and colloids 
Catalysts and their work 
Chemistry raa:tclle s the colors of the rainbow 
Chemistry in t he Ninet eenth Century-
PRI NCIPLE 
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39. If stress is applied to a reversible chemical syst~m, 
there will be a readjustment in the system to r elieve t h e 
stress. 
MAJOR TOPICS 
Pressure and chemical reactions 
Temperat ure and chemi cal reactions 
TABLE II ( CONTll,lUED) 
Principles and Major Topics 
Equilibrium and reactions going to completion 
Chernistry in the Nineteenth Century 
PRINCIPLE 
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40. Chemical reactions rr~y be carried more nearly to com-
pletion by any condition that establishes an unusually low 
concentration of one of the :products. 
MAJOR TOPICS 
Hydrogen the element 
Oxides of Carbon 
Ionization 
Equilibrium and reactions going to completion 
Temperature and chemical reactions 
Pressure and chemical reactions 
Chemistry in the Nineteenth Century 
PRINCIPLE 
41. The :products of reacting substances may react vrlth each 
other to form the original ·substances. 
NJ.AJOR TOPICS 
Hydrogen the element 
Chemical facts about water 
Classifying the elements for study 
Sulfur Dioxide and Sulfurous acid 
Supplying :pure water to the home 
PRINCIPLE 
42. Simple ionic reactions are typically rapid reactions. 
MAJOR TOPICS 
Oxides of Carbon 
Ionization 
Fighting corrosion 
Iviore organic chemistry 
Soaps and cosmetics 
101 
TABLE II {CONTINUED) 
Principles and Major Topics 
PRI NCIPLE 
43. Whenever the product of the concentrations of any tv1o 
ions in a mixture exoeeds the value of the ion-product in 
a saturated solution of the compound for.med by their union, 
this compound will be precipitated. 
MAJOR TOPICS 
The chemist tests and analyzes 
The importance of water as a solvent 
Ionization 
Comparison of the halogens 
Equilibrium and reactions going to completion 
Supplying pure water to the home 
Soaps and cosmetics 
PRil~CIPLE 
44. Vfuenever the product of the concentration of any ~no 
ions, in a mixture is less than the value of the ion-
product in a saturated solution of the compound formed by 
their union, this compound, if present in the solid for.m, 
will be dissolved. 
W~JOR TOPICS 
The importance of water as a solvent 
Ionization 
PRINCIPLE 
45. The solubility of solutes is affected by heat, pressure, 
and the nature of the solute and solvent. 
~AAJOR TOPICS 
Purifying water 
The importance of water as a solvent 
Supplying pure water to the home 
Soaps and cosmetics 
Chemistry matches the colors of the rainbow 
PRINCIPLE 
46. The solubility of a gas in an inert solvent varies 
directly with the pressure to which the gas is subjected. 
TABLE II (CONTII~) 
Principles and 1~jor Topics 
N.LAJOR TOPICS 
The importance of water as a solvent 
Sulfur Dioxide and Sulfurous acid 
Nitric acid and oxides of Nitrogen 
PRINCIPLE 
1oa 
4?. The ingredients of a solution are homogenously distri-
buted through each other. 
1\JIAJOR TOPICS 
The chemist tests and analyzes 
The importance of water as a solvent 
Ionization 
Chemistry matches the colors of the rainb~; 
Paints, varnishes and lacquers 
PRINCIPLE 
48. Any substance soluble in ~10 immiscible li~uids will 
distribute itself between the two in proport ion to its 
solubility in the two li~uids. 
MAJOR TOPIC 
The importance of water as a solvent 
PRI NCIPLE 
49. In a saturated solution, the product of themolar con-
cent rations of the ions is constant. 
:WlAJOR TOPICS 
The importance of water as a solvent 
Ionization 
PRINCIPLE 
50. Fluids have no elastic limits for compression. 
MAJOR TOPICS 
Purifying water 
TABLE II (CONTINUED) 
Principles and Najor Topics 
Pressure and chemical reaction 
Temperature and chemical reaction 
PRINCIPLE 
51. Every pure liquid has its own specific boiling and 
freezing point. 
MAJOR TOPICS 
Water and changes of state 
Physical properties of water 
How we get pure Oxygen 
Purifying water -
Refining and using petroleum 
Some principles of organic chemistry 
J:lore organic chemistry 
Chemistry of lubricants 
PRINCIPLE 
103 
52. Freezing point depression and boiling point elevation 
are proportional to the concentration of the solution. 
IVJAJOR TOPICS 
The importance of water as a solvent 
Physical properties of water 
Salts 
PRINCIPLE 
53. The presence of a dissolved substance will cause the 
resulting solution to boil at a higher temperature and to 
freeze at a lower temperature than pure water. 
MAJOR TOPICS 
Physical properties of water 
The importance of water as a solvent 
Acids and bases 
Salts 
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TABLE II (CONTINuED) 
Principles and Major Topics 
PPJ NCIPLE 
54. Electrolytes dissolved in water exist partially or 
completely as electrically charged particles called ions. 
:MAJOR TOPICS 
The i mportance of water as a solvent 
Ionization 
Acids and bases 
Salts 
Equilibrium and reactions going to completion 
Some principles of organic cherri stry 
More organic chemistry 
PHI NCIPLE 
55. Acids and bases are substances \Vhich in \Yater solution 
ionize to give hydrogen and hydroxyl ions, respectively, 
from their constituent elements. 
MAJOR TOPICS 
Hydrogen the element 
Ionization 
Acids and bases 
Hydrogen sulfide 
Sulfuric acid 
Binary halogen acids 
.Arumonia and what we do with it 
Nitric acid and some ox ides of Nitrogen 
PRlliCIPLE 
56. The activity of an acid or base is :proportional to t he 
degree of' ionization of' the compound when in solution. 
MAJOR TOPICS 
Acids and bases 
Ionization 
Sulfuric acid 
Binary halogen acids 
Nitric acid and some oxides of Nitrogen 
TABLE II ( C ONTTIWED) 
Principles and Major Topics 
Aramonia and what we do with it 
Chemicals for dirt and stains 
Cherrlstry in gardening and farming 
Soaps and cosmetics 
PRINCIPLE 
105· 
5?. Salts of strong acids and strong bases undergo negli-
gible hydrolysis, while salts of inactive acids and bases 
undergo more marked hydrolysis. 
MAJOH. TOPICS 
Salts 
Practical uses of acids, bases and salts 
Chemicals for dirt and stains 
Food and digestion 
Paints, varnishes and lacquers 
PRI NCIPLE 
58. The exchange of the negative and positive ions of 
acids and bases results in the forrr~tion of water and a 
salt. 
MAJOR TOPICS 
Acids and bases 
Salts 
Practical uses of acids, bases and salts 
Cherricals for dirt and stains 
PRINCIPLE 
59. Oxidation and reduction occur simultaneously and are 
quantitatively equal. 
60. Oxidation always involves the removal or sharing o~ 
electrons ~rom the element oxidized while the reduction 
always adds or shares with the element reduced. 
*NlAJOR TOPICS 
Oxygen: properties and uses 
Hydrogen the element 
*Those topics assigned to principle number~~ also 
considered to be assigned to principle number 60. 
TABLE II (CONTINUED} 
Principles and Major Topics 
Oxidation and reduction 
How coal was formed 
More amorphous carbon 
Writing chemical formulas 
Sulfur Dioxide and Sulfurous acid 
Sulfuric acid 
The halogens 
Nitric acid and some oxides of Nitrogen 
Chlorine 
Iodine 
Explosives 
Hydrogen Sulfide 
Extracting metals from ores 
Iron and Steel 
Fighting corrosion 
Soaps and cosmetics 
Coal tar is highly valued 
Rubber, natural and synthetic 
PRINCIPLE 
106 
61. The properties of alloys are dependent upon the rela-
tive amount of their components, the extent of their 
compound formation, and upon the crystalline structure of 
the mixture. 
MAJOR TOPICS 
Metals and where we get them 
Iron and Steel 
Other common metals 
Alloys in modern life 
PRINCIPLE 
62. Orderly arrangement of molecules, atoms, or ions in 
crystals give crystals regular form. 
W.LAJOR TOPICS 
Occurrence of water in nature 
Carbon in nature 
Iodine 
Iron and Steel 
Alloys in modern life 
TABLE II (CONTINUED) 
Principles and Major Topics 
Chemistry and building materials 
Industrial abrasives 
PRINCIPLE 
107 
63. Colloids have the property of adsorption to an unusual 
degree. 
MAJOR TOPICS 
Attractive powers of Carbon 
Contact and colloids 
Supplying pure water to the home 
Atmosphere 
Chemicals for dirt and stains 
Chemistry matches the colors of the rainbow 
PRINCIPLE 
64. Suspended particles of colloids have a continuous, 
erratic movement due to molecular colloidal, or ion im-
pacts. 
WJAJOR TOPICS 
Contact and colloids 
Paints, varnishes and lacquers 
PRINCIPLE 
65. Colloidal particles may carry electrical charges. 
IviAJOR TOPIC 
Contact and colloids 
PRINCIPLE 
66. Colloids show greater chemical activity than- the solid 
substances in mass, since rates of reaction are proportion-
al to the surface area of the solid, other factors being 
equal. 
:NJAJOR TOPICS 
Oxygen the problem child 
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TABLE II (CONTINUED) 
Principles and 1~jor Topics 
Contact and colloids 
Importance of water as a solvent 
PRINCIPLE 
67. Temperature changes, pressure changes, the presence of 
electrolytes or the presence of oppositely charged parti-
cles may cause colloids to precipitate. 
l~JOR TOPIC 
Contact and colloids 
PRINCIPLE 
68. Each combustible substance has a kindling t emperature 
which varies with its condition, but may be greater or 
less than the kindling temperature of some other substance • . 
~~JOR TOPICS 
Oxygen the problem child 
Solid fuels 
Elements from bones 
Temperature and chemical reactions 
Refining and using petroleum 
Protection against fire 
Chendcal nature of synthetic plastics 
PRINCIPLE 
69. Solids are liquified and liquids are vaporized by heat: 
the amount of heat used in this process, for a given mass 
and a given substance, is specific and equals that given 
off in the reverse process. 
MAJOR TOPICS 
A world of change 
Water and changes of state 
Physical properties of water 
Ammonia and what we do with it 
Protection against fire 
Food: Cooking and preservation 
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TABLE II (CONTINUED) 
Principles and Major Topics 
PRDfCIPLE 
?0. Most bodies expand on heating and contract on cooling: 
the amount of change depending on the change in tempera-
ture. 
IVIAJOR TOPICS 
Physical properties of water 
Ammonia and what we do with it 
Temperature and chemical reactions 
Chemistry of building materials 
Protection against fire 
Food: Cooking and preservation 
PRINCIPLE 
?1. Equal amounts of heat raise equal numbers of atoms of 
all elements in the solid state through nearly equal in-
tervals of temperature. 
MAJOR TOPICS 
Solid fuels 
Sulfur 
Metals and where we get them 
Industrial abrasives 
PRINCIPLE 
?2. The specific heats of many elements are approxiL~tely 
inversely proportional to their atomic weights. 
:MAJOR TOPICS 
Physical properties of water 
Iron and Steel 
Some principles of organic chemistry 
More organic chemistry 
PRINCIPLE 
?3. The heat of formation of any chemical compound equals 
its heat of decomposition. 
TABLE II (CONTINUED) 
Principles and Major Topics 
MAJOR TOPICS 
A world of change 
Solid fuels 
Explosives 
Temperature and chemical reactions 
Chemistry of the future 
PRINCIPLE 
74. Heat is liberated when a gas is compressed, and is 
absorbed when a gas expands. 
MAJOR TOPICS 
Vlater and changes of state 
Sulfur Dioxide and Sulfurous acid 
.Ammonia and what we do with it 
Pressure and chemical reactions 
Refining and using petroleum 
Food: Cooking and preservation 
PRINCIPLE 
75. vfhen a gas expands, heat energy is converted into 
mechanical energy. 
MAJOR TOPICS 
Explosives 
Pressure and chemical reactions 
Refining and using petroleum 
PRD'JCIPLE 
110 
76. Luminous vapors and gases emit certain light producing 
bright-line spectra. 
MAJOR TOPICS 
Flames: control and use 
EXplanation of combustion 
Chemistry in the Nineteenth Century 
TABLE II (CONTINUED) 
Principles and Ilfajor Topics 
PRlliCIPLE 
??. Gases may be converted to liquids by decreasing the 
speed of their molecules. 
:MAJOR TOPICS 
Water and changes of state 
Sulfur Dioxide and Sulfurous acid 
Ammonia and what we do with it 
Food: Cooking and preservation 
PRINCIPLE 
111 
?8. Condensation will occur when a vapor is at its satur-
ation point, if centers of condensation are available and 
if heat is withdrawn. 
MAJOR TOPICS 
Water and changes of state 
Atmosphere 
Pressure and chemical reactions 
Temperature and chemical reactions . 
PRINCIPLE 
?9. A gas always tends to expand throughout the whole 
space available. 
lVLAJOR TOPICS 
Pressure and chemical reactions 
Fuel gases 
Temperature and chemical reactions 
Atmosphere 
Chemicals ror dirt and stains 
Food: Cooking and preservation 
PRINCIPLE 
80. Diffusible substances tend to scatter from the point 
of greatest concentration until all points are at equal 
concentration. 
TABLE II (CONTINUED) 
Principles and I\fJ.ajor Topics 
MAJOR TOPICS 
Atmosphere 
The importance of water as a solvent 
Explosives 
Fuel gases 
PRINCIPLE 
112· 
81. The boiling point of any solution becomes lower as the 
pressure is decreased and higher as the pressure is in-
creased. 
MAJOR TOPICS 
Purifying-water 
Physical properties of water 
The importance of water as a solvent 
Pressure and chemical reactions 
Temperature and chemical reactions 
PRI NCIPLE 
82. When a mixture of gases is confined, each exerts its 
own pressure without reference to the pressure exer~ed by 
others. 
J..liAJOR TOPICS 
Pressure and chemical reactions 
Fuel gases 
Atmosphere 
PRDWIPLE 
83. If the same pressure is maintained, the volume of a gas 
is varied directly as the absolute temperature. 
84. The volume of an ideal gas varies inversely with the 
pressure upon it, providing the temperature remains con-
stant. 
*MAJOR TOPICS 
Explosives 
Pressure and chemical reactions 
*Those topics assigned to principle number~~ also 
considered to be assigned to principle number 84~ 
TABLE II (CONTINUED) 
Principles and Major Topics 
Temperature and chemical reactions 
The age of alchemy 
PRINCIPLE 
113 
85. If the volume of a conftned body of gas is kept con-
stant, the pressure is proportional to the absolute tem-
perature. 
I\t1AJOR TOPICS 
Water and changes of state 
Pressure and chemical reaction 
Temperature and chemical reaction 
PRINCIPLE 
86. The pressure at any point in any fluid is the same in 
all directions. 
:MAJOR TOPICS 
Physical properties of water 
Pressure and chemical reactions 
PRINCIPLE 
8?. At a definite temperature and pressure, the relative 
combining volumes of gases and of gaseous products may 
be expressed approximately in small whole numbers. 
MAJOR TOPICS 
Chemical facts about water 
Knowledge of atomic weights aids chemists 
Nitrogen and its uses 
Anrraonia and what we do with it 
Nitric acid and oxides of Nitrogen 
Sulfur Dioxide and Sulfurous acid 
Chlorine 
Hydrogen the element 
Oxygen: properties and uses 
Temperature and chemical reactions 
Pressure and chemical reactions 
Chemistry in the Nineteenth Century 
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TABLE II (CONTINUED) 
Principles and Major Topics 
PRI NCIPLE 
88. Equal volumes of all gases under similar conditions 
of temperature and pressure contain very nearly the same 
number of molecules .• 
Jv'T.AJOR TOPICS 
Chemical facts about water 
Oxygen: properties and uses 
Hydrogen the element 
IDlowledge of atomic weights aids chemists 
Chlorine 
Nitrogen and its uses 
Pressure and chemical reactions 
Temperature and chemical reactions 
Chemistry in the Nineteenth Century 
Fuel gases 
PRINCIPLE 
89. The atmospheric pressure decreases with increasing 
water vapor content, other things being equal. 
M.[;,_J OR TOPICS 
Water and changes of state 
Atmosphere 
PRINCIPLE 
90. The atmospheric pressure decreases as t he altitude in-
creases. 
!v1AJ OH TOPIC 
Atmosphere 
PRI NCI PLE 
91. Substances which expand upon solidif ying have their 
melting points lovvered by pressure, those which contract 
upon s olidifyi ng have t heir melt i ng points raised by 
pressure. 
TABLE I I (CONTII~D) 
Principles and IVTajor Topics 
N.IAJOR TOPICS 
•·ra ter and changes of state 
Pressure and chemical reactions 
PRD\TCIPLE 
115 
92. Tne pressure of a saturated vapor at a given tempera-
ture is constant and increases with an increase in temper-
ature. 
lv1AJOR TOPICS 
Water and changes of state 
.Ani.Illonia and what we do with it 
Temperature and chenucal reactions 
Pressure and chemical reactions 
PRINCIPLE 
93. The rate of vaporization decreases with an increase of 
concentration of the vapor in the gas in contact with the 
liquid, the temperature remaining constant . 
MAJOR TOPICS 
:;,rater and changes of state 
Temperature and chemical reactions 
Pressure and chemical reactions 
Atmosphere 
PRINCIPLE 
94. A change in state of a substance from gas to liquid, 
liquid to solid or vice versa, is usually accompanied by 
a change in volume. 
IVIAJ"OR TOPICS 
Water and changes in state 
.Arnr.a.onia and what we do vfi th it 
Chenilstry of building materials 
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TABLE II (CONTINUED) 
Principles and ]Eajor Topics 
PRI NCIPLE 
95. The average speed of molecules increases with the tem-
perature and pressure. 
lJIAJOR TOPICS 
Water and changes of state 
Temperature and chemical reactions 
Pressure and chemical reactions 
Chewistry in the Nineteenth Century 
Sulfur Dioxide and Sulfurous acid 
Ammonia and what we do with it 
Food: Cooking and preservation 
PRINCIPLE 
96. Carbon atoms form a number of "type groups" of com-
pounds which are determined by the structural combinations 
of the atoms witrdn the molecules. 
MAJOR TOPICS 
Some principles of organic cherr~stry 
Petroleum and natural gas 
More organic chemistry 
Chemistry of our bodies 
Coal tar is highly valued 
Cellulose and paper 
Chemistry matches the colors of the rainbow 
Rubber, natural and synthetic 
Chemistry in the Twentieth Century 
PRINCIPLE 
9?. Unsaturated hydrocarbons are active chemically and 
:torm many compounds by addition. 
98. Saturated hydrocarbons are relatively inactive chemi-
cally but form compounds by substitution. 
*MAJOR TOPICS 
Some principles of organic chemistry 
*Those topics assigned to principle numb~~9?~are also 
considered to be assigned to principle n er 98. 
TABLE II ( CO:J:-JTINUED) 
Principles and Major Topics 
Refining and using petroleum 
More organic chemistry 
Rubber, natural and synthetic 
Chemical nature of synthetic plastics 
Paints, varnishes and lacquers 
Chemistry of lubricants 
Chemistry in the Twentieth Century 
PRINCIPLE 
99. The boiling point of hydrocarbons increases with an 
increase in molecular weight. 
Will.JOR TOPICS 
Some principles of organic chemistry 
Petroleum and liquid fuels 
Petroleum and natural gas 
Refining and using petroleum 
Flames: control and use 
Chemical nature of synthetic plastics 
Chemistry of lubricants 
PRI NCIPLE 
lOO. Molecules of some compounds undergo polymerization. 
MAJOR TOPICS 
Refining and using petroleum 
More organic chemistry 
Chemistry of our bodies 
Cellulose and paper 
Chemical nature of synthetic plastics 
Modern fibers and textiles 
Rubber, natural and synthetic 
Paints, varnishes and lacquers 
Chemistry in the Twentieth Century 
PRINCIPLE 
lOl.Alcohols react with acids to form esters and ethers. 
M..A.JOR TOPICS 
More organic chemistry 
Soaps and cosmetics 
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TABLE II (CONTINUED) 
Principles and Major Topics 
Modern fibers and t extiles 
Chemistry and medicine 
Paints, varnishes and lacquers 
PRINCIPLE 
l02.Alcohols oxidize to aldehydes, ketones and acids. 
MAJOR TOPICS 
More organic chemistry 
Chemistry of our bodies 
Food and digestion 
PRINCIPLE 
118· 
103.Vitaw~ns and hormones are chemical regulators of the 
reactions that occur in living organisms. 
MAJOR TOPICS 
Catalysts and their work 
Food and digestion 
Chemistry of our bodies 
Food: Cooking and preservation 
Chemistry and medicine 
PRINCIPLE 
104.Parent material for the development of soils is formed 
through the physical disintegration and chemical decomposi-
tion of rock particles and organic matter. 
MAJOR TOPIC 
Chemistry in gardening and farming 
PRINCIPLE 
105.Like electrical charges repel and unlike electrical 
charges attract. 
:MAJOR TOPICS 
Ionization 
TABLE II (CONTINUED) 
Principles and Major Topics 
Practical uses of acidst bases and salts 
The halogens 
Chemical facts about water 
Ch&licals and electricity 
Acids and bases 
Salts 
PRINCIPLE 
119 · 
l06.Positively charged ions of metals may be deposited on 
the cathode as atoms, when a direct current is sent through 
an electrolyte. · 
:MAJOR TOPICS 
Ionization 
Practical uses of acids, bases and salts 
The halogens 
Extracting metals from ores 
The light metals 
Extraction and use of Copper 
Fighting corrosion 
PRDTCIPLE 
lO?.Like magnetic poles always repel each other and unlike 
magnetic poles attract each other. 
Nl.AJOR TOPICS 
Extracting metals from ores 
Iron and Steel 
Other common metals 
PRDICIPLE 
108. Pieces of iron, steel, cobalt, or nickel may become 
magnetized by induction when placed within a magnetic field. 
:MAJOR TOPICS 
Metals and where we get them 
Iron and Steel 
Other common metals 
120· 
TABLE II (CONTI~WED) 
Principles and Major Topics 
PRINCIPLE 
109.Electrons have both a magnetic and an electric field. 
:rtAJOR TOPIC 
Why atoms combine 
PRINCIPLE 
llO.Electrons are emitted from any sufficiently hot body. 
IviAJOR TOPIC 
M~tals and where we get them. 
PRINCIPLE 
lll.A number of substances will emit electrons and become 
positively charged when illmninated by light. 
IflAJOR TOPICS 
The chemical use of light 
Metals and where "INe get them 
PRINCIPLE 
112.When a strerun of high speed electrons strikes a body, 
the atoms of that body enut x-rays. 
MAJOR TOPICS 
Radium has throvm new light on the nature of things 
Finding and selecting the right material 
PRINCIPLE 
113.Atoms or molecules may lose electrons when struck by 
high speed electrons or ions. 
MAJOR TOPICS 
Radium has throvnl new light on the nature of things 
Finding and selecting the right material 
TABLE II (CONTINUED} 
Principles and Major Topics 
The age of alchemy 
Chemistry of the future 
PRI NCIPLE 
121· 
114.In a tube which contains gas at low :pressure subject to 
an intensely electric f ield, cathode rays, streams of elec-
trons move away from the negatively charged terminals at 
high s:peed. 
IVIAJOR TOPICS 
Chemicals and electricity 
Radium has thrown new light on the nature of things 
Finding and selecting the right materials 
PRINCIPLE 
ll5.Atoms have great sub-atomic energy. 
JI!IAJOR TOPICS 
Chemicals as source of energy 
Radium has thrown new light on the nature of things 
Chenrlcals and electricity 
Chemistry of the f uture 
PRINCIPLE 
ll6.Matter may be transferred into energy and energy into 
matter, t he sum total, matter plus energy, remains con-
stant. 
MAJOR TOPICS 
Chemicals as source of energy 
Radium has thrown new light on the nature of t hings 
Chemicals and electricity 
Chemistry in gardening and farming 
Chemistry of the future 
PRINCIPLE 
11? .Atoms may be broken down by bombarding the nucleus 
with high speed particles such as protons, alpha particles, 
or neutrons. 
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. TABLE II ( CONCLUDED) 
-Principles and .Major Topics 
MAJOR TOPICS 
Radium has thrown new light on the nature of things 
Chemistry of the future 
PRINCIPLE 
118.R.adioactivity is independent of all physical condi-
tions; heat, cold, pressure, and chemical state. 
MAJOR TOPICS 
Radium has thrown new light on the nature of things 
Chemistry in the Nineteenth Century 
PRINCIPLE 
119.Radioactive emission involves nuclear change. 
MAJOR TOPICS 
Radium has thrown new light on the nature of things 
Chemistry in the Nineteenth Century 
PRINC IPLE 
l20.Energy can never be created or destroyed, except in 
nuclear physics; it can be changed from one form to 
a.nother with exact equivalence. 
MAJOR TOPICS 
Chemicals as source of energy 
Radium has thrown new light on the nature of things 
Chemistry of the future 
Findings. Six hundred seventy-one assignments of 102 
different major subject-matter topics were defensibly 
made to 120 principles of physical science, and were there-
fore deemed to be suitable for use to develop an under-
standing of the principles. At lea.s t one topic ~as assigned 
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to each of the 120 principl es. Nine principles had only 
one t op ic assigned to each of t h em; 13 had only 2 topics 
assigned to each ; 16 had only 3 topics assigned to each; 
and the remaining 82 principles had from 4 to 36 topics 
assigned to them. The average number of topics per 
principle was 5.6. 
CHAPTER IV 
SUli'IllilARY, CONCLUSIONS, AND RECOMMENDATIONS 
Statement of the Problem 
The purpose of this investiga.tion is ( 1) to prepare 
a composite topical outline of the subject-matter topics 
found in four high-school textbooks of chemistry, as a 
source of informational materials with which to develop 
understandings of principles of physical science, and (2) 
to assign to principles of physical science those topics 
which a study of might reasonably be expected to contri-
bute to the development of an understanding of the prin-
ciples. 
Summary of the Techniques Employed 
A composite topical outline was formulated from four 
· high-school textbooks of chemistry. The single textbook 
with the largest number of major topics was used as a 
guide. Chapter, center page and paragre.ph headings were 
considered a.s topics. The topics f'ound in the reme.1ni.ng 
three texts were then fitted into or added to the outline 
used as a guide. . The resulting outline was checked for de-
fensibility of the placement of each topic in the outline. 
Table I is the composite topical outline. The 104 major 
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topics found in this composite topical outline were then 
assigned to 120 of Wise 1s 272 principles of physical sci-
ence. These assignments were made on the basis that a 
discussion of the subject matter, as represented by the 
topics subordinate to the major topics in the outline, 
would reasonably be expected to contribute to the develop-
ment of an understanding of the principles to which they 
were assigned. The assignments of topics to principles 
(See Table II) were va.lidated by a subject-matter special-
ist. 
Summary of the Findings 
'1 
A tote.l of 1~3 separate subject-matter topics were 
found in the four textbooks. Of these, only 104 were 
major topics. Thirty-two of the 104 major topics were 
found in all four books. If the 14 major topics found in 
only one book be dis~egarded, 67, or 74.4 percent, of the 
rema ining 90 topics were found in three or more of the 
textbooks. 
Six hundred seventy-one assignments of 102 major 
topics were defensibly made to principles. At least one 
topic was assigned to each of 120 principles of physical 
science. As many as 36 topics were assigned to one prin-
ciple. The average number of topics per principle was 
5.6. 
126' 
Conclusions 
There was much material in any one book tha t mcde 
no contribut ion to the development of an underst:::_nd1ng of 
St principle . Any one book , however , · ha d enough rna terie,l 
to help develop rno s t of the princip l es . Subject-ma tter 
materie_l can be used to develop more than one principle . 
The more recent textbooks seemed to he.ve more rna terial 
the.n did the e p, rlier ones which contributed to the devel-
opment of unders t 8.ndings of principles. Textbooks with 
proper treatment of content can be used to help develop 
understandings of principles of physic e_l science. 
Recommendations 
The development, for use in the teaching of chemis-
try in the high school, of e. suitable topical outline 
whose topics are based on their ability to help develop 
understandings of principles of physical science is "a 
must. 11 
It is recommended that more studies simila r to this 
one be completed, and that the results be combined into 
a master outline of subject-matter topics and that assign-
ments of topics to principles also be combined. Further-
more, it is recommended that topics assigned to a princi-
ple be ranked in descending order of their relative values 
in contributing to the development of an understanding of 
that principle. 
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